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Preface 



Febrile neutropenia is a common complication in the practice 
of oncology and has been studied for more than 30 years. This 
is an area of supportive care in cancer in which much progress 
has been made, significantly reducing the morbidity and mor- 
tality of infections resulting from neutropenia. In 1962 McCabe 
and Jackson reported a 90% mortality rate from gram-nega- 
tive bacteremia in neutropenic patients; today the figure is 
below 10%. Thus, tremendous numbers of cancer patients can 
benefit from specific antineoplastic therapy, having escaped 
early death from infection. Even greater numbers benefit from 
the avoidance of infection and from the alleviation of symp- 
toms as a result of effective prophylaxis or adequate therapeu- 
tic strategies. 

These advances have been the result of continuous clinical 
research backed up by sophisticated microbiology. This re- 
search is often carried out by cooperative groups from many 
institutions because it was appreciated early that only large 
series can lead to meaningful comparative observations. 

Initially it was the recognition of the close relationship 
between the severity and duration of granulocytopenia and 
the incidence of infection that directed attention to ways of 
preventing and treating sepsis associated with granulocytope- 
nia. The observation that fever maybe the only clinical mani- 
festation of infection in the neutropenic patient led to the con- 
cept of empiric therapy, which was rapidly accepted, although 
it was not in accord with the generally accepted guidelines gov- 
erning the administration of antibiotics at that time. Finally, 
the appropriate use of synergistic combinations of antimicro- 
bial agents played a pivotal role in dramatically reducing the 
mortality of gram-negative bacillary infections. 

Febrile neutropenia is a changing syndrome: after the gram 
negatives came the gram positives. In some patients the most 
important problem today consists of fungal and viral the in- 
fections. New and more resistant pathogens are emerging con- 
tinuously, requiring the constant alteration of our therapeutic 
armamentarium. At the same time, new possibilities for pre- 
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vention and therapy of infection have appeared: new antibac- 
terial, antifungal, and antiviral agents, the bone marrow pro- 
tecting or stimulating factors, and various immunotherapies. 

Jean A. Klastersky, M.D. 

Professor and Chief of Medicine 
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High-Dose Chemotherapy: Safer and Better? 

M. H. N. Tattersall 



High-dose chemotherapy with or without bone marrow support is now within the 
armamentarium of cancer chemotherapists and is perhaps more widely used than 
the presently available evidence would support. This chapter reviews the founda- 
tions of the high-dose chemotherapy concept and illustrates that some of those 
foundations are often extremely shaky. There still remains a need for well- 
designed and well conducted clinical trials to evaluate what contribution, if any, 
high-dose chemotherapy can make to cancer treatment. However, it is clear that 
high-dose chemotherapy in 1995 is much safer than it was some years ago, partly 
as a result of improved supportive care and partly because of the development of 
colony-stimulating factors and other technologies. Therefore the issue is still how 
strong is the case for high-dose treatment while acknowledging that it is now safer 
than was the case some years ago. 

The foundations of a dose-response dogma come in part from laboratory evi- 
dence of tumor cell behaviour in culture. There is some similarity to micro- 
organisms in culture. When observed, first-order kinetic of drug kill means that 
for each dose of a particular treatment a constant fraction of cells or micro- 
organisms killed. This is the basis for repeated treatment doses and is also the 
basis for the observation that in some settings as the dose increases, the fraction 
killed also increases. The second dogma, which is perhaps more widely established 
than the data would indicate, is that the most effective dose in cancer treatment 
is always the maximum tolerated dose. The third dogma, which has come pre- 
dominantly from treatment of bone marrow derived tumors, is that intermittent 
treatment is superior to continuous treatment. It became almost an article of faith 
until recent years that in cancer chemotherapy high-dose maximum tolerated in- 
termittent therapy is the way of the future. I seek to illustrate here that these dog- 
mas are in fact not all well founded. 

Although the dogma of dose response is well entrenched, there are major dif- 
ferences in the slope of the survival curve of different tumor cells lines after 
increasing doses of chemotherapy, for instance, cyclophosphamide. For some 
tumors which have been used for screening drugs there is a very steep dose- 
response relationship, but for other tumors the slope is very shallow. For still other 
drugs, for example, doxorubicin, the sensitivity of tumor cells is less, and there is 
not really a decreased survival with increasing drug concentration. The nature of 
the tumors is also important. With cisplatin, for example, we see a very steep dose- 
response relationship over the concentration range achieved by conventional 
chemotherapy for small-cell lung cancer lines, but in other tumors in which 




2 



M. H. N. Tattersall 



cisplatin is widely used there is little enhancement of tumor response probabil- 
ity over the achievable concentration range. The ‘‘take-home” messages from this 
are that responses to dose escalation differ in different tumor types and accord- 
ing to individual drugs. 

In only one or two models has the dose responsivity of normal bone marrow 
or other normal cells been compared to tumor cells. This is therefore the type of 
laboratory experiment which has contributed to the enthusiasm for high-dose 
chemotherapy in cancer treatment. However, most of the enthusiasm from 
observations that in clinical cancer treatment high-dose therapy sometimes 
appears to produce better outcomes than do more conventional dose treat- 
ments. High-dose chemotherapy has an established role in the treatment of 
bone marrow derived cancers, and it should be acknowledged that the majority 
of screening models which have been used to identify the drugs currently used 
in cancer treatment are bone marrow derived experimental tumors. There is 
also evidence, although seldom from randomized clinical trials, that in the treat- 
ment of common cancers in childhood, there is also a dose-response relation- 
ship and improved outcomes with high-dose chemotherapy. What is certain is 
that high-dose chemotherapy achieves high drug concentrations in humans. 
These high concentrations penetrate more effectively to so-called drug sanctu- 
ary sites, and it is accepted that high concentrations are needed to ensure that 
adequate methotrexate or cytosine arabinoside concentrations are achieved 
within the cerebrospinal fluid. There is also plenty of evidence to suggest that 
increases in the dose of most chemotherapy regimens is associated with in- 
creases in the normal tissue toxicity. However, the availability of bone marrow 
growth factors means that, at least for drugs which have myelosuppression as a 
dose-limiting toxicity, we are in a better position to minimize this dose-limiting 
side effect. However, our enthusiasm for high-dose chemotherapy is often not 
adequately evaluated in prospective trials. This is particularly true in the setting 
for solid tumor non-bone-marrow derived cancers. 

Radiation oncologists have believed for years that a dose-response relationship 
exists for radiation therapy, and that scheduling and dosing of radiation treatment 
is an extremely important determinant of outcome. Fractions of radiotherapy are 
equivalent to dose intensity, and the number of fractions is an important consid- 
eration in both curative and palliative treatment, where normal tissue toxicity and 
quality of life issues are paramount. Even in curative radiotherapy it has recently 
been shown that neither a smaller number of larger fractions nor shorter treat- 
ment times are disadvantageous and may be cost effective. The radiotherapists 
have, again, demonstrated that for curative treatment even 6 weeks ' therapy is not 
always optimal, and that packaging radiotherapy in different ways may not com- 
promise outcomes. The prolongation of curative treatment, for more that 6-7 
weeks, has been shown to be disadvantageous. We need to bear this in mind when 
considering the scheduling and duration of chemotherapy. In the radiotherapy 
setting it appears that the basis for the ineffectiveness of protracted courses of 
radiotherapy is related to kinetic consequences in the surviving clonogenic frac- 
tion, where cells repopulate more quickly as the tumor volume is reduced by the 
treatment. Should we change the schedule of our high-dose therapy as the number 
of surviving tumor cells is reduced by treatment? Certainly the radiotherapists 
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have indicated that the total duration radiotherapy is important, as are the dose 
and the number of treatment fractions. This sort of experience may have relevance 
to our approaches in high-dose intermittent cancer chemotherapy. 

We must also acknowledge that surgeons have much experience relating to dose 
response. Indeed, the dose-response dogma has its origin in breast cancer treat- 
ment, i.e. a small operation versus a large operation versus a super-radical opera- 
tion. It took randomized trials to demonstrate eventually that super-radical mas- 
tectomy is misplaced. Why did it fail? It failed because the belief that the tumor is 
localized and spreads only by direct extension was wrong. 

Let us now consider some of the data from randomized trials in cancer treat- 
ment to determine how secure the foundation of a dose-response relationship in 
cancer chemotherapy is. A randomized trial in acute myeloblastic leukemia 
patients treated with different doses of cytosine arabinoside shows a significant 
survival advantage for high-dose therapy compared to low dose treatment. In a 
bone marrow derived tumor there is thus some evidence to support the notion 
that high-dose cytosine arabinoside is superior to lower dose treatment. There 
are few completed randomized studies comparing different intensive initial com- 
bination chemotherapy regimens for solid tumors. The majority of these trials 
are relatively small, and even in a rapidly proliferating solid tumor such as small- 
cell lung cancer, which has some characteristics in common with lymphomas and 
myeloblastic leukemia, the evidence of dose response is limited. However, with a 
non-marrow-toxic drug such as cisplatin there is evidence for a dose-response 
relationship. A randomized trial reported by Kay and colleagues in the United 
Kingdom investigated the importance of the dose of cisplatin in treating patients 
with ovarian cancer. The dose of loo mg in each 3-week cycle was compared to 
50 mg in each 3-week cycle, combined in each case with cyclophosphamide. 
Patients treated with the higher dose had a significantly superior outcome in 
terms of progression-free survival and survival. The paper states that their results 
support the idea of a dose-response relationship for cisplatin. The authors also 
conclude that 100 mg cisplatin was actually too toxic, and that 75 mg cisplatin was 
optimal in the treatment of a tumor for which they believed that the outcome in 
most cases was palliation rather than cure. 

The use of high-dose chemotherapy in breast cancer is most fashionable, and 
there are a number of trials in progress. The data so far available may undermine 
our confidence that a dose-response relationship is clearly relevant in breast can- 
cer treatment. Certainly in breast cancer treatment myelosuppression is dose lim- 
iting for the majority of the active cytotoxic drugs. Standard-dose adjuvant treat- 
ment after local breast cancer treatment is accepted as somewhat effective, but 
many patients still relapse, and we therefore need to determine how to make an 
effective treatment more active. High-dose treatment is not only fashionable but 
also increasingly feasable and safe with colony-stimulating factors and stem cell 
support. The latter maybe a less laborious and possibly cheaper means to achieve 
safe high-dose chemotherapy than autologous marrow approaches which have 
been used in the past. There have also been studies using colony-stimulating fac- 
tors intended to deliver high-dose, but not super-high-dose chemotherapy, in 
patients with small-cell lung cancer. If a particular schedule of treatment should 
be given, it may be given more safely with the addition of colony-stimulating 
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agents. However, this type of trial incorporating a scheduled treatment pro- 
gramme should be compared to a wait-for-recovery policy, treating infections, and 
waiting for bone marrow to recover. So far, data support the notion that granulo- 
cyte colony-stimulating factors allow treatment on schedule safer than treatment 
without such a support, but there is no evidence of greater efficacy. 

In the palliative treatment of breast cancer there was a concern that standard- 
dose treatment is too toxic, and that lower doses may be similarly effective but 
less toxic. However, a number of randomized trials show that standard doses are 
indeed more active than low-dose and less toxic treatments. In all randomized 
studies the standard treatment was in all cases superior to the low-dose treatment, 
and quality of life was better in patients receiving standard than in those receiv- 
ing less toxic treatment. Thus standard chemotherapy of advanced breast cancer 
is based on a reasonably secure foundation, even in palliative treatment; lower- 
ing the dose from the standard in order to minimize treatment-related morbid- 
ity may not be in the best interest of the patient. 

Of course, the temptation is to give higher than standard-dose chemotherapy 
in metastatic breast cancer with bone marrow support. The message so far is that 
the response rate is encouraging, and that the disease-free survival is somewhat 
better than might have been expected in conventionally treated patients. How- 
ever at this stage there is no randomized trial evidence of improved outcome. 
Concerning adjuvant therapies there is some support for the notion of high-dose 
adjuvant treatment in breast cancer. A randomized trial in a large number of 
patients with breast cancer was reported last year in the United Kingdom. The 
probability of disease-free survival in this trial among those receiving the high 
dose was greater than that in the other group of patients. Similarly there was a 
survival advantage for the high dose over the low dose. Thus there is some sup- 
port for the notion of a dose-response relationship and the notion that reducing 
doses is associated with an inferior outcome. 

There is also some support for the idea that dose should not be compromised 
in adjuvant breast cancer treatment. High-dose adjuvant chemotherapy in breast 
cancer with stem-cell support has been adopted by a number of groups, but the 
toxic death rate is not trivial; most groups report, however, that with greater 
experience the toxic death rate falls. What is needed in the setting of adjuvant 
chemotherapy are well-designed chemotherapy trials investigating the issues of 
dose, dose intensity and treatment duration. One such trial has been promoted 
from Australia and has been adopted by the International Breast Cancer Study 
Group. This takes patients with stage II or III breast cancer; the standard treat- 
ment approach is four cycles of epirubicin and cyclophosphamide, followed by 
three cycles of combination cyclophosphamide, methotrexate, and 5-fluourouracil, 
with all patients receiving tamoxifen for 5 years. The high-dose treatment arm is 
a very high dose of epirubicin and cyclophosphamide with blood stem cell 
support. This trial has started, and large numbers of patients will be entered; the 
selection criteria include more than four positive lymph nodes in the axilla. To 
conclude, in regard to adjuvant treatment of breast cancer one can say that chemo- 
therapy dose levels lower than standard are less effective, and that dose reduc- 
tion during standard therapy may be disadvantageous. High-dose therapy with 
support is now feasable, and several randomized trials are in progress. 
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As a number of groups are researching the effect of dose-intense therapy with 
autologous bone marrow support, it is important to ensure that these patients, 
with their bone marrow support, are not being therefore reinfused with their 
breast cancer. Therefore ex vivo purging of stem cells is being investigated and 
monocional antibodies are being used to enrich cell populations for engraftement. 
Australian, European, and North American patients and the health authorities 
funding medical care are increasingly expecting “evidence-based” medicine. Can- 
cer patients may clutch at straws when a poor prognosis is given with standard 
treatment. Nevertheless, last-ditch treatments which are “promising” but as yet 
unproven deserve appropriate investigation. There is a clear need to stimulate 
proper evaluation of these interventions which in some cases, such as autologous 
bone marrow transplantation, are expensive and potentially hasardous. Unproven 
treatments are now promoted by practitioners, by commercial interests and at 
least in some communities, increasingly by consumer lobby groups. The consumer 
advocate group should be recruited as an ally in endeavours to properly evaluate 
novel therapies and not be manipulated by the profession as a lobby group for 
unproven treatments. 
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Bone Marrow Protectors in Cancer Treatment 

P. Garde 



Hematopoietic growth factors (GFs) and transfused marrow or peripheral blood 
stem cells provide temporary hemotoxicity palliation. The mobilization of these 
cells maybe prompted by chemotherapy alone or with various cytokines, such as 
the granulocyte and granulocyte-macrophagie colony-stimulating factor (GM- 
CSF), interleukin (IL) 3, and their PIXI321 recombination, and stem cell factor. Ex 
vivo expansion of these stem cells is also in progress (Cell-Pro and Baxter sys- 
tems). The induction of hematopoietic stem cells with long-term myelolymphoid 
repopulating ability has recently been reported a property of the chemokine 
IL-8. The mechanisms of action of the immunomodulating agents (bacille 
Calmette-Gu^rin, polyA-polyU) may be connected to what proceeds then: they act 
by inducing a variety of GFs and chemokines. This is the case of ASioi, which has 
been shown to enhance natural killer cell activity and to increase the production 
of IL-ia, GM-CSF, and IL-6. 

However, none of these methods overcome the severe stem cell depletion or the 
sequellae incurred after cancer treatments. Bone marrow protection differs from 
palliation since it aims to decrease long-term marrow damage to maintain mar- 
row function. Three examples of promising protective methods are presented to 
illustrate the different mechanisms involved. First, amifostine (WR-2721, Ethyol) 
acts as a free radical scavenger, as a super-intracellular gluthathione, and by 
interfering with alkylation to reduce the injuries to the normal marrow cells. In 
vitro protection from mafosfamide (ASTA Z) may be restricted to normal late 
progenitors but not to leukemic or breast cancer cells, which may improve the 
therapeutic index of mafosfamide. Favorable interaction with GFs and activity 
against many toxic agents make amifostine the currently most useful protector. 
Decreased thrombocytopenia after carboplatin has been observed, although tol- 
erance is poor, and no effect is seen for white blood cells and red blood cells. 
Moreover, earlier progenitors and stem cells are not protected. 

A second method uses negative bone marrow regulators. Colony-forming units 
- spleen (CFU-S) are quiescent in normal mice and are spared from a first cyto- 
toxic drug administration, while cycling progenitors are killed. Compensatory 
differentiation induces CFU-S, cycling and their recruitment into cycle so that they 
are killed by subsequent doses of cytotoxics. A protective method could hence 
consist in maintaining CFU-S in a quiescent state; preventing their entry into cycle 
after chemotherapy. Cytokines such as the transforming growth factor-p, with 
autocrine secretion maintaining early progenitors in quiescent stage, and 
interferons (INFs; INF-a possesses such properties) have been used to protect mice 
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from ionizing radiations and a variety of drugs. Insulin-like growth factor-p 
(IGF-p) is a potent cell cycle entry inhibitor of primitive stem cells that has the 
property of an autocrine secretion maintaining early progenitors in quiescent 
stage. It has been shown to inhibit cyclin-dependent kinase. IGF-b possesses pleio- 
tropic, including opposed effects, such as the inhibition of early erythroid pro- 
genitors and the maturation of late erythroid progenitors. INF-a also has com- 
plex effects, not only on hematopoietic stem cells but also on stroma, with 
important adverse effects on the adherent layer. In addition, with IGF-p it inhib- 
its both leukemic and normal progenitors. 

However, most fascinating are the peptides and chemokines such as the 
pentapeptide pGlu, Glu-Asp-Cys-Lys (HPsb), the tetrapeptide acetyl-Ser-Asp-Lys- 
Pro (goralatide,acSDKP),and macrophage-inflammatory protein (MIP) ia.IL-8 
and platelet factor 4- have also myelosuppressive activities. In humans goralatide 
is naturally present and active in vitro. It is produced by macrophages, stored in 
the extracellular matrix, and consumed in the stromal cell in long-term human 
marrow culture studies. In mice given lethal doses of doxorubicin the survival 
protection is correlated to a measurable advantage of peripheral blood cells as well 
as late (CFU-granulocyte, macrophage; CFU-megakaryocyte) and early progeni- 
tors (CFU-S and high proliferative potential colony-forming cells). Moreover, 
earlier stem cells and long-term reconstituting cells (LTRA) are also preserved. 
As these primitive stem cells are considered to be of primary importance to main- 
tain marrow functionality in the long term, especially in cases of repeated mar- 
row injuries, this property of goralatide opens the way for improved marrow pro- 
tection and reduction in the hematopoietic sequellae in cancer chemotherapy. 
Unlike other negative regulators, such as the pentapeptide hemoregulator 
pEEDCK, goralatide activity is at the unicellular level; its mechanism of action is 
unknown. In vitro goralatide protects human progenitors from the toxicity of 
3'-azido-3' deoxythimidine, phototherapy, and mafosfamide. 

Goralatide improves the establishment of the stromal layer from mafosfamide- 
treated long-term cultures. No inhibition, hence no protection, of cultured of 
leukemic and tumoral cells has been evidenced, including from cytofluorometic 
studies. Clinical data suggest a potential hematoprotective effect against cyta- 
rabine and ifosfamide in cancer patients; no side effect has been observed. The 
pEEDCK sequence belongs to the G^^^ chain of G proteins. Its inhibitory proper- 
ties are exended to some leukemic cell lines. It protects mice from cytosine 
arabinoside and alkylator toxicity. Its dimerization results in a potent stimula- 
tory peptide which is able to induce several GFs. The MIP-ia shares a number of 
properties with goralatide, including the specitic inhibition of normal, but not 
leukemic, progenitors of chronic myeloid leukemia patients. However, unlike with 
goralatide, acute myeloid leukemia cells may be inhibited. 

The third method, genetic loading of hematopoietic cells for marrow recon- 
stitution, is the subject of current research. This method involves both ex vivo 
expansion and for stem cell transplantation techniques. Hematopoietic stem cells 
as well as stromal cells maybe concerned: Experiments have been conducted in 
mice. For instance, the transfusion to mice of transgenic methotrexate-resistant 
dihydrofolate reductase marrow cells allowed an in vivo protection to methotrex- 
ate. Another example is the MDR-i gene coding for p-glycoprotein (Pgp) of mul- 
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tiple drug resistance. In vitro use of anti-sense MDR-i overcame the doxorubicin 
resistance of murine cell lines, and after in vivo intraperitoneal injection the pro- 
portion of chemosensitive cells was correlated to the membrane expression of the 
Pgp. In man adenoviral neogene transfection of CD-34 cells was successfully used 
after cytapheresis; blood cord and marrow cells expressing the MDR-i gene cod- 
ing for Pgp multiple drug resistance have been obtained. Human adherent cells 
of long-term marrow cultures and murine stromal cells infected by recombinant 
adenoviruses for gene transfer (PIXI-321 and erythropoietin) support late 
clonogenic progenitors in an in vivo/in vitro SCID mouse system. This result is 
to be considered together with the observation of impaired cytokine production 
to support late and early hematopoiesis in human stroma after autologous bone 
marrow transplantion. 

Finally, confusion may arise from the dual wish to improve the therapeutic 
index of anticancer treatments, which is a short-term goal, and the aim to pre- 
serve long-term marrow function. Nevertheless, the absence of satisfactory tools 
to assess and to quantify the long-term persistence of marrow function makes 
the development of protective agents and methods which possess a differential 
effect between normal and tumoral cells a high clinical and experimental research 
priority. 
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Hematopoietic Growth Factors in Febrile Neutropenia - 
Indications and Limitations 

W. Hiddemann 



The hematopoietic growth factors are a sub-group of cytokines that are mediators 
of interactions between cells. Several classes of hematopoietic growth factors are 
recognized: the interleukins, the interferons and other factors which have not yet 
been classified. Whenever we administer one of these factors, we are not just giv- 
ing one drug or one factor, but are interfering with the network of interactions 
between different cytokines and different types of cell. I think it is very impor- 
tant to keep this in mind when discussing the clinical application of hematopoietic 
growth factors. 

The cytokines, in general, are expressed only by activated cells; their activity 
depends on the availability of specific receptors and their effects overlap in past. 
The hematopoietic growth factors were detected as substances that are neces- 
sary to keep hematopoietic cells grown in culture. Nowadays, we know that there 
are many different cytokines, and that they act on the hematopoietic system at 
different levels. Some act very early, at the level of the multipotent stem-cells, 
and others at later stages of haematopoiesis. Some growth factors are considered 
to be more lineage-specific, such as granulocyte-colony stimulating factor 
(G-CSF) or erythropoietin and more recently thrombopoietin, while others have 
a broader activity like interleukin-3 (IL-3), stem cells factor, or the other inter- 
leukins, especially IL-i and IL-6 but also IL-11. With our knowledge of the growth 
factors and their ability to speed up the proliferation and differentiation of 
hematopoietic cells, it was of course very tempting to use these growth factors to 
compensate for the neutropenia that is associated with chemotherapy. In one 
of the first studies performed, G-CSF was administered after methotrexate- 
vinblastine-adriamycin-cisplatin (MVAC) in patients who were treated for 
urothelial cancer. In doing so, it compared administration of MVAC followed by 
G-CSF and MVAC alone and, in this classical phase III study, it could be demon- 
strated that the incidence of neutropenic fever was reduced in the patients 
treated with G-CSF. This first trial was then followed by several classical studies 
which proved the value of administering hematopoietic growth factors after 
intensive chemotherapy through prospective randomized comparisons. One of 
the studies most often cited was that by Crawford, who administered G-CSF 
after relatively intensive chemotherapy for small-cell lung cancer and found that 
the probability of patients remaining without a febrile episode after chemo- 
therapy was significantly higher in those who received G-CSF than in controls 
who did not receive G-CSF; he also could demonstrate that the need to adminis- 
ter systemic antibiotic therapy was also significantly reduced. This study ulti- 
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mately led to the approval of G-CSF in the US as well as in other countries. Fol- 
lowing these first encouraging studies, a huge number of clinical studies were 
initiated, and we became aware of the explosion in costs involved with the use of 
these hematopoietic growth factors. 

Looking at the summary of randomized trials (published in the Journal of 
Clinical Oncology) that were carried out for G-CSF or granulocyte/macrophage 
colony-stimulating factor (GM-CSF), the same phenomenon can always be found: 
the incidence of neutropenic fever and the recovery from neutropenia was usu- 
ally found to be significantly shorter after administration of growth factors; the 
use of antibiotics was also found to be reduced, but in almost none of these trials 
could we really see any impact on overall survival or on the incidence of severe 
infections. This means that the benefit of administering growth factors really has 
to be judged against the risks of the chemotherapy used. This really addresses the 
question whether it would not be better to restrict the use of hematopoietic growth 
factors to high-risk patients only. 

The German AML Cooperative group was the first to address the question of 
growth factor administration in the treatment of acute myeloid leukemia, because 
treatment-associated deaths from septic complications or infectious complications 
were really the major cause of treatment failure, especially in older patients; here 
we can see that the early death rate in these patients ranges from 30% to 50%, mak- 
ing this is very a high risk group, in which it might be worthwhile testing whether 
hematopoietic growth factors and the associated shortened duration of neutrope- 
nia might be of clinical benefit. The problem, of course, in leukemia is that 
hematopoietic growth factors were also shown to stimulate the growth of leukemic 
cells, and this is why we restricted the trial to patients with a high risk (more than 
30%) of dying during induction therapy. These were elderly patients or patients with 
resistant disease. The 36 patients who entered the trail were treated with GM-CSF 
and were compared with a control group of 56 patients, with similar risk. We also 
gave the GM-CSF only when there were no residual leukemic blasts in the bone 
marrow after chemotherapy. GM-CSF was started within 3 days after the comple- 
tion of chemotherapy and was continued until the end of neutropenia. 

In patients receiving GM-CSF, the median for recovery from critical neutrope- 
nia was about 1 week-10 days, statistically less than in the control group. There 
was not just an effect on the blood counts, but also on the overall outcome; ad- 
ministration of GM-CSF reduced the early death rate by more than half in the 
treatment group as compared with the controls. This reduction translated into a 
marginally significant increase in the rate of complete remissions. 

This study was recently confirmed: the incidence of severe infections, and 
especially grade IV and V infections, was found to be significantly reduced in 
leukemic patients who received GM-CSF in exactly the same way as we adminis- 
tered it, and, more importantly, this effect translated into an improvement in over- 
all survival. 

Similar data have also been collected after bone marrow transplantation and 
peripheral stem cell transplantation. These studies led to a recommendation 
which was recently issued by the American Society of Clinical Oncology and was 
published in the Journal of Clinical Oncology, This states that hematopoietic 
growth factors for primary prophylactic application should be restricted only to 
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patients who have a high chance of acquiring infections (more than 40%) and who 
also are anticipated to have prolonged neutropenia (less than 500 neutrophils over 
a period of more than 5 days). The recommendation that was also made was that 
the secondary administration of hematopoietic growth factors might be benefi- 
cial in patients who have experienced infectious complications during a preced- 
ing course of chemotherapy. 

Even if we restrict the administration of hematopoietic growth factors to these 
high risk patients, we still overtreat probably more than half the patients, because 
they do not develop severe infections. So the question is: can we really restrict the 
use of hematopoietic growth factors to intervention rather than prophylaxis? This 
was actually pioneered by preclinical studies in an animal model, where the in- 
jection of pneumococci was followed shortly by the interventional use of G-CSF; 
in this preclinical model it could be shown that in the animals treated with G-CSF, 
the overall survival rate was significantly higher than in the control group. 

There are today at least five clinical studies investigating the interventional use 
of hematopoietic growth factors. The results which are considered the most ma- 
ture are those from Australia, from Dr Maher, who showed that the interventional 
use of hematopoietic growth factors, i.e., the initiation of G-CSF at the time the 
patients acquires an infection during neutropenia, shortens the period of neutro- 
penia significantly. If we look at the actual data, it can be seen that the significant 
decrease in the duration of neutropenia is just 1 day. The same holds true if we 
look at the length of hospital stay and the number of days with fever. In another 
study which was conducted in pediatric oncological patients, it was also shown 
that the duration of the hospital stay was shortened by about 1 day. Following the 
recommendations from the American Society of Oncology there is really no clear 
evidence, at the present time, for a beneficial effect when hematopoietic growth 
factors are given at the onset of neutropenic fever rather than prophylactically. 
However, in the same recommendation, it is said that the optional use in high- 
risk patients with life-threatening infection is recommended. I think this a dan- 
gerous recommendation. When we consider what cytokines are doing, we see that 
they are activating several biological systems: phagocytes, immune system, and 
acute phase reactions: These secondary effects might not necessarily be benefi- 
cial for the patient. 

There are in fact some very interesting data from healthy volunteers, which 
show that the administration of GM-CSF changes the response or the release of 
cytokines. When the exposure to GM-CSF is followed by lipopolysaccharide (LPS) 
exposure, the release of IL-i receptor or also tumor necrosis factor (TNF) is 
increased, which means that the cells are sensitized by preceding GM-CSF appli- 
cation. In an animal system this negative effect shortened the survival of the ani- 
mals significantly, but could be blocked by the combined application of GM-CSF 
with a neutralizing antibody. This really means that the interventional applica- 
tion of hematopoietic growth factors may in fact cause harm. One might argue 
that these are effects which are just related to GM-CSF, which is known to have a 
higher chance of inducing secondary cytokines than G-CSF. 

However, very comparable data have also been published on the use of G-CSF. 
Again, it could be shown that the prophylactic use of relatively high doses of G- 
CSF resulted in a significant improvement in the survival of animals, as compared 
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with controls or with low-dose G-CSF. However, the interventional use of G-CSF 
shortened the overall survival. Therefore, it might be dangerous at the present time 
to use hematopoietic growth factors in an interventional fashion, even in high- 
risk patients. 

On the other hand, there is a very interesting and maybe promising study from 
Dr Bodey. This investigated whether the interventional application of GM-CSF has 
an effect on the response to systemic antibiotic therapy in patients with fever of 
unknown origin and documented infections. In this study, it could be shown that 
in patients receiving GM-CSF in addition to antibiotics, the overall response rate 
was significantly higher than in those receiving antibiotics alone. 

One problem is the question which hematopoietic growth factor should be 
used? Should it be G-CSF or GM-CSF? We know that the lineage restriction of 
G-CSF is considered to be more rigid than of GM-CSF; but it is still unclear 
whether G-CSF is really lineage restricted. What is known for sure is that GM-CSF 
induces secondary cytokines, whereas G-CSF does not; it has been reported many 
times that GM-CSF induces a higher frequency of side effects, which are usually 
clinically not relevant. 

To my knowledge, there are two studies which prospectively compared GM-CSF 
and G-CSF. One was a study in which growth factors were used for intervention, 
and the other was a study in which GM-CSF and G-CSF were used for prophylaxis. 
In both studies, there was really no difference in the duration of neutropenia, days 
of hospitalization, or the number of patients with fever. There seemed to be more 
febrile episodes during GM-CSF in this trial. 

The other question, which is not yet completely answered, is the question of 
dose. Which dose should be given? Again, there are very few studies that have 
investigated the dose-effect relationship of G-CSF or GM-CSF. From one study, we 
can conclude that there is no reason to increase the dose of GM-CSF above the 
level that is recommended today, but the number of investigated patients is small. 
The same also relates to G-CSF; in a prospective randomized comparison of 
1 |ig/kg and 4 |ig/kg dose, it was concluded that it is more advantageous to use the 
lower dose of G-CSF; still, the number of patients were relatively small. 

Finally, there is the question of when hematopoietic growth factors should be 
administered after chemotherapy? Experimentally, it does not make any differ- 
ence on the duration of neutropenia whether G-CSF is administered immediately 
after chemotherapy, on day 3, or on day 5. However, in an animal model, the 
number of circulating stem cells are significantly higher on day 7 in animals that 
were exposed to G-CSF immediately after chemotherapy than in those who re- 
ceived G-CSF later. Thus the most beneficial effect can be expected when G-CSF 
is started within 1-3 days after the end of chemotherapy. 

The effects of cytokines can also be used in other indications. It could be shown 
that G-CSF and also GM-CSF can compensate for the cortisone- or dexametha- 
sone-induced reduction in activity of monocytes. It could also be shown that, 
when G-CSF is administered together with cortisone, its negative effect could in 
fact be translated into a positive effect. Therefore, hematopoietic growth factors 
should not be considered only for speeding up the recovery of neutrophils, but 
might also be of benefit in patients who are not neutropenic but have an impaired 
immune response due to other factors. 
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What we do propose, at the present time, is really to follow the recommenda- 
tions of the American Society of Oncology. There is a clear indication of benefit 
in patients with a high risk of severe infections, which means patients with se- 
vere neutropenia lasting for a prolonged period of time. In these patients, primary 
administration of growth factors for prophylaxis is indicated; secondary admin- 
istration of hematopoietic growth factors is not yet supported by hard clinical 
data. Clinical studies are needed to show whether the interventional use in high- 
risk patients with life-threatening infections is really of proven benefit. 
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Incorporation of Quality-of-Life Considerations into 
Decision Models for the Use of Colony-Stimulating 
Factors in Chemotherapy Patients at Risk for Febrile 
Neutropenia 

G. H. Lyman, N. M. Kuderer 



Myelosuppression is the major dose-limiting toxicity associated with cancer 
chemotherapy. Fever in the setting of neutropenia (FN) generally requires hos- 
pitalization for empiric parenteral antibiotics. Human recombinant colony-stimu- 
lating factors (CSFs) have been shown to significantly reduce the severity and 
duration of neutropenia as well as the risk of FN in patients receiving systemic 
chemotherapy. CSFs are expensive and have not been shown to improve overall 
patient survival. Previous studies have defined thresholds beyond which the use 
of CSFs decreases cost primarily by reducing the need for hospitalization for FN. 
The decision to use CSFs should also consider the impact of hospitalization and 
treatment on patient quality of life (QOL). If avoidance of hospitalization for FN 
results in improvement in patient QOL, a shift in threshold estimates favoring the 
use of CSFs should be observed. The study presented here addresses QOL con- 
siderations and the clinical decision to utilize CSFs in patients at risk for hospi- 
talization for FN. A conceptual framework is offered for future studies of the 
effect of CSFs on patient QOL. 

Two modifications of the original cost model were studied incorporating QOL 
considerations. First, a quality-adjusted cost model was developed based on 
patient willingness-to-pay to avoid hospitalization for FN or CSF injections. A cost 
term reflecting an individual's willingness-to-pay was added to each pathway 
associated with hospitalization or CSF injections. 



The quality-adjusted cost of hospitalization for FN for each treatment cycle 
is represented by the following expression: 

- Hospital days x hospital cost/day + willingness-to-pay to avoid hospitali- 
zation for FN. 

The quality-adjusted cost of CSF injections for each treatment cycle is rep- 
resented by the following expression: 

- CSF days x CSF cost/day + willingness-to-pay to avoid CSF injection. 



Secondly, a quality-adjusted time model based on patient preferences for differ- 
ent outcome states was developed utilizing a time tradeoff method. The length 
of time in full health considered equivalent by the patient to the actual time in 
the outcome state of health was determined utilizing a time tradeoff method. 
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Quality-adjusted time in the hospital for FN is represented by the following 
expression: 

- Q^* hospital days -i- nonhospital days 

where is the proportion of a day out of the hospital with no FN that is 
equivalent to a full day in hospital with FN. 

Quality-adjusted time for CSF injections is represented by the following 
expression: 

- Qj* CSF days + non-CSF days 

where Q^ is the proportion of a day not receiving CSF injections that is 
equivalent to a full day while receiving injections. 



Baseline QOL measures were estimated from a limited subject sample (Table i). 
Sensitivity analyses were performed to assess the effect of QOL on threshold 
estimates for CSF use by varying measures over a range of possible values. 



Table 1. Model baseline assumptions 





Variable 


Value 


Probabilities 


Risk of hospitalization for FN 


0.55 




Risk reduction by CSF 


0.50 


Durations 


Hospitalization (days) 


10 




CSF administration (days) 


8 


Actual cost 


Hospitalization/day ($) 


1000.00 




CSF/day ($) 


250.00 


Willingness to pay 


To avoid hospitalization ($) 


1000.00 




To avoid injections ($) 


100.00 


Quality-time adjustment 


CSF injections 


0.95 




FN 


0.50 



Risk of Hospitalization 




Fig-1- Cost model 



Cost of Hospitalization ($) 
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In the original cost model, increasing total cost/day for hospitalization has a dra- 
matic inverse effect on the threshold risk of hospitalization for FN. The thresh- 
old function for the use of CSFs for different hospitalization cost/day and risk of 
hospitalization is shown in Figure i. Any value of the variables above (below) the 
threshold line is associated with a lower cost based on CSF use (no CSF use). The 
variable thresholds based on the original cost model are displayed in Table 2. 



Table 2. Thresholds: cost model 



Variable 


Below 


Threshold 


Above 


Risk of hospitalization® 


N 


0.4 


P 


Proportional risk of hospitalizatioin** 


P 


0.6 


N 


Hospital cost/day ($) 


N 


727 


P 


Hospital duration (days) 


N 


7.3 


P 


CSF cost/day ($) 


P 


344 


N 


CSF duration (day) 


P 


11 


N 



The strategy associated with the lowest cost below and above the threshold is shown as N (no 
CSF) or P (prophylactic CSF), respectively. 

» Without CSF. 

^ With CSF. 



In the quality-adjusted cost model, increasing willingness-to-pay to avoid hos- 
pitalization for FN is associated with a decreasing threshold for use of CSFs based 
on the risk of hospitalization for FN. A family of threshold curves for the risk of 
hospitalization for FN for differing levels of willingness-to-pay to avoid hospitali- 
zation for FN are shown in Figure 2. As the curves illustrate, there is an increase 
in the threshold for the use of CSF with increasing willingness-to-pay to avoid CSF 



Willingness to Pay to Avoid 
CSF Injections ($) 




Fig. 2 . Quality-adjusted cost model 
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Quality-Adjusted Time for 
Each Day Receiving CSF 




Quality-Adjusted Time for Each Day in the Hospital with FN 
Fig. 3. Quality- adjusted time model 



Table 3. Thresholds: quality- adjusted cost model 



Variable 



Below Threshold Above 



Risk of hospitalization* 


N 


0.38 


P 


Proportional risk of hospitalization'’ 


P 


0.65 


N 


Hospital cost/day ($) 


N 


664 


P 


Hospital duration (days) 


N 


6.6 


P 


CSF cost/day ($) 


P 


366 


N 


CSF durations (days) 


P 


11.7 


N 


Willingness-to-pay to avoid hospitalization for FN 
Willingness-to-pay to avoid CSF injections 


P 


1025 


N 



The strategy associated with the lowest cost below and above the threshold is shown as N (no 
CSF) or P (prophylactic CSF), respectively. 

^Without CSF. 

^With CSF. 



injections. The variable thresholds based on the quality-adjusted cost model are 
shown in Table 3. 

In the quality-adjusted time model, a decrease in the quality-of-time spent in 
the hospital with FN is associated with a decreasing threshold for the use of CSFs 
based on the risk of hospitalization for FN. Figure 3 displays a family of thresh- 
old curves for the risk of hospitalization for FN for differing levels of quality-of- 
time spent in the hospital. As the curves illustrate, an increasing threshold for CSF 
use is observed with decreasing quality-of-time associated with receiving CSF 
injections. The variable thresholds based on the quality-adjusted time model are 
shown in Table 4. 

Based on a standard cost model, a decrease in the threshold risk of hospitali- 
zation for FN favoring the use of CSF is observed for increasing hospital cost/day, 
increasing hospital duration, decreasing CSF cost/day, decreasing CSF duration. 
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Table 4. Thresholds: Quality-adjusted time model 


Variable 


Below 


Threshold 


Above 


Risk of hospitalization* 


N 


0.15 


P 


Proportional risk of hospitalization^ 


P 


0.87 


N 


Hospital cost/day ($) 




— 




Hospital duration (days) 


N 


1.7 


P 


CSF cost/day ($) 




— 




CSF duration (days) 


P 


30.4 


N 


Time equivalent in hospital with FN 


P 


0.92 


N 


Time equivalent with CSF injections 


N 


0.81 


P 



The strategy associated with the lowest cost below and above the threshold is shown as N (no 
CSF) or P (prophylactic CSF), respectively. 

“Without CSF. 

^ With CSF. 

and greater reduction in the risk of FN by CSFs. Guidelines for the use of the CSFs 
have been developed based on this and other cost models. The sensitivity of this 
model to the baseline assumptions cannot be overemphasized. In particular, the 
model is particularly sensitive to the assumed cost/day of hospitalization for FN. 
It should also be emphasized that the direct cost estimates utilized here are con- 
servative and likely to underestimate the actual cost at most institutions. In ad- 
dition, no attempt has been made to incorporate indirect costs into this model. 
While no consistent impact of the CSFs on patient survival has been observed, 
hospitalization and treatment should have a direct impact on overall patient QOL. 
This study represents a conceptual framework for incorporating QOL considera- 
tions into such decision models utilizing either quality-adjusted cost or quality- 
adjusted time. 

Based on a quality-adjusted cost model, a decrease in the threshold risk of 
hospitalization for FN favoring the use of CSFs is observed for increasing will- 
ingness-to-pay to avoid hospitalization for FN and decreasing willingness-to-pay 
to avoid CSF injections. This model remains essentially cost based. It should be 
remembered that responses in subject willingness-to-pay are often inconsistent 
and depend upon ability to pay and the risk involved to the individual. Based on 
a quality-adjusted-time model, a decrease in the threshold risk of hospitalization 
for FN favoring the use of CSFs is observed for decreasing patient preference for 
days spent in the hospital with FN and increasing patient acceptance of days 
associated with CSF injections. Such a model withdraws cost from consideration 
in the decision analysis which maybe an extreme position. However, it does pro- 
vide a measure of impact on patient perception of quality-of-life to guide the phy- 
sician. It should be remembered that quality-adjusted time is equivalent to a utility 
only when the marginal utility for each unit of time is constant. Further, studies 
will need to assess this and other limitations of the model. 

The use of cost models provides a valuable perspective to guide clinicians in 
the optimal use of hematopoietic CSFs in clinical oncology. QOL considerations 
may have considerable impact on the clinical decision to utilize CSFs in patients 
at risk for FN from systemic cancer chemotherapy. The study presented here has 
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elucidated the relationship between QOL considerations and the clinical decision 
to utilize CSFs. Further studies are needed to quantitate the effect of CSF on 
measured patient QOL. This study provides a framework for the design and evalu- 
ation of future studies of these effects. With precise measurements of the impact 
of this technology on patient QOL, these models should permit a better estima- 
tion of optimal treatment thresholds to utilize in clinical decision making and to 
incorporate into clinical practice guidelines. 
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Assessing Risk in Cancer Patients with Fever and 
Neutropenia 

J. A. Talcott 



The first goal of this chapter is to describe why one would perform risk assess- 
ment of patients with febrile neutropenia. Secondly, we consider several methods 
and perhaps justify our own method. Finally, we present a brief description of 
some studies conducted at the Dana Farber Cancer Institute. 

Fever and neutropenia is a syndrome that we have created with our own tech- 
nology of cytotoxic chemotherapy of cancer. Cancer treatment began in the hos- 
pital, and 15 years ago even neutropenic patients without fever were hospitalized. 
Now conventional therapy requires that only febrile neutropenic patients be hos- 
pitalized, although clinicians are increasingly sending neutropenic patients home 
early, in various circumstances. 

Why would one expect risk variation in febrile neutropenia? Fever and 
neutropenia is an oncologic emergency. Certainly there are many patients with 
neutropenia who are very sick, and the development of fever in these patients is 
not an indication of good prognosis. However, other febrile neutropenic patients 
seem to have a much more benign course, and, importantly, these patients do not 
easily accept long hospitalization for antibiotic therapy. There is no sense in as- 
sessing risk of a population unless the difference in risk can result in modified 
therapy. The conventional hospital treatment of febrile neutropenia consists of 
intravenous antibiotic therapy until both fever and neutropenia have been 
resolved. Home intravenous therapy has been available since the middle of the 
1970s. However, the medical versus logistical rationale for choosing care at home 
is the level of risk, because the level of medical surveillance is necessarily less if 
the patient is treated at home. This is the fundamental difference between home 
and hospital care: we can provide the same antibiotic therapy at home, but we 
cannot observe them continually. In order to safely attempt home treatment we 
need to know early enough in their course which patients are at the lowest risk. 
We also need to know whether there is a level of risk low enough for us to feel 
that we can safely discharge them to home, and whether there are enough of them 
at low enough risk to justify the development of alternative therapy. 

Why would we want to do this? Why would we want to reduce the precautions, 
the surveillance of patients? The first reason is to try to simplify and humanize 
medical care. Patients who develop cancer lose their autonomy as we ”medicalize“ 
them, substituting for their own interests and desires a schedule based on a treat- 
ment program and the complications which their treatment generates. Further, 
home is an increasingly attractive place for cancer patients as the possibility of 
death approaches. The second reason, which is probably ranked first in univer- 
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sity medical centers in the United States, is to save money. Additional precautions 
cost money, and controlling costs is paramount, essential to any hospital's sur- 
vival. The final reason why physicians should try to reduce unnecessary precau- 
tions and themselves decide how to do it is that we must retain control of medi- 
cal practice if the modifications of health care are to be rational. Rational changes 
are most likely to be initiated from within medicine, not imposed from outside 
by financial officers. 

In summary, current therapy may not be necessary in all patients. There are 
potential benefits from home therapy for some patients,but outpatient treatment 
means less surveillance and potential risk to patients who are unstable at dis- 
charge. However, some level of risk is tolerable, particularly in exchange for clear 
benefit. 

How should we go on about assessing risk? Several ways can be tried. One can 
look at published information to try to identify low-risk patients, or physicians 
can use their own clinical judgment and decide which patients are at low risk and 
should be treated differently and less aggressively. We can codify clinical judgment 
in a set of eligibity requirements for a trial of reduced care and try this on some 
patients, or we can use formal risk assessment modeling. 

A substantial amount of information has been published indicating that risk 
varies in cancer patients, particularly based on the duration of neutropenia; Bodey 
et al.'s (1966) original description of febrile neutropenia noted prognostic vari- 
ation: the prognosis in the 72 leukemic patients whom they studied was better if 
neutrophil counts increased after 7 days. Also, the prognosis was better if the 
patient's leukemia was in remission. Pizzo et al. (1982) at the NCI, who made a 
number of contributions define to the care of febrile neutropenic patients defined 
patients at low risk if neutropenia was resolved within 7 days. However, the actual 
duration of neutropenia can be determined only retrospectively. Once one knows 
the duration of neutropenia, the episode is over; this is therefore of no value to 
treating physicians. These investigators also pointed out that they were unable to 
identify the factors separating the patients with brief neutropenia from the other 
patients. 

Using the physician's clinical judgment, to stratify patients by risk has the 
advantage that it uses a fundamental skill of physicians: to separate sick patients 
from well patients, unstable patients from stable patients. Further, clinical judg- 
ment is flexible because we as clinicians can incorporate many clinical variables 
into assessments which might compromise the patient's clinical situation. How- 
ever, the clinical criteria for assessment, based on sound judgment, are likely to 
be different for every physician. One can not evaluate and improve the criteria 
which are unspecified, and this certainly makes it difficult to explore a program 
of identification of low risk patients to other hospitals. The only way to export a 
physician's clinical judgment is to export the physician. Codified clinical 
jugdements have the advantage that, once the criteria are stated, we can evaluate 
them over a period of time. This too uses physician's clinical skills in assessing 
risk based on their experience. However, evaluating a clinical risk factor in clini- 
cal trials in this way is inefficient since it would require a trial for every set of 
criteria. Further, I think that there are ethical and legal difficulties in testing 
arbitrary low-risk criteria without objective evidence that the patients are in fact 
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at low risk and would not be harmed from a level of surveillance below that of 
the standard treatment. Formal risk assessment requires the generation of a quan- 
titative multivariable model, using sufficiently large numbers of episodes and 
outcomes to be statistically powerful. It requires the development of the model 
in a training population and the subsequent validation of the model in a test 
population. The advantages are that the process should identify all independent 
predictors and then allow one to determine the absolute level of risk for patient 
groups based on the model. The disadvantages of this approach are that it requires 
large patient numbers, and that the process of developing and testing a model is 
slow. In fact, the studies discussed below took place over about 7 years. 

The range of medical problems of cancer patients receiving chemotherapy 
is broader than merely infection; thus risk assessment must be more compre- 
hensive. Patients receive cytotoxic chemotherapy because someone feels that, 
given the danger of cancer, the side effects of chemotherapy are worth the risk. 
In advanced and progressing tumors the short-term risk of a variety of medi- 
cal problems is even greater. Fever and neutropenia is itself a self-limiting condi- 
tion if the marrow is functioning; once the neutrophil count becomes normal 
again, the patient recovers, if they have had supportive care by broad spectrum 
antibiotics. 

The next question after deciding to assess a risk is: what is the outcome vari- 
able? The risk of what? There are several candidate variables in febrile neutrope- 
nia; each of them has been used to some degree. Death has the advantage that it 
is unambiguous, and it is certainly an important endpoint. Fortunately, it is rare 
in febrile neutropenia, and frequently when the therapy of fever and neutrope- 
nia ends in death, ineffective treatment of cancer, not ineffective therapy of febrile 
neutropening is the problem. Death as an endpoint is not useful statistically and 
it is probably not useful logically. The response to therapy is widely used in anti- 
biotic trials; however, infection is not the only risk to the patients. Further, this is 
not a very responsive variable, at least judging by a vast number of negative 
randomized antibiotic trials which found no substantial difference in responsive- 
ness to various regimens. Some have suggested hospital readmissions as a meas- 
ure of risk, but this applies only to outpatients and thus cannot provide a com- 
parison with patients treated within the hospital. Further, it is inherently subjective 
and subject to variations, clinician's clinical practice style. Medical emergencies 
is the last endpoint to consider. The development of a medical emergency is a 
priori evidence that a patient requires close surveillance. It is thus directly linked 
to the need for surveillance. However, the range of potential complications that 
can be seen in cancer patients is very wide. In addition, no one can assure that 
every medical emergency team is equally serious. 

In our risk assessment studies the Dana Farber Cancer Institute we first 
developed a risk model with a retrospective study of 261 patients who developed 
febrile neutropenia in 1 year. We used the outcome of serious medical complica- 
tions, or medical emergencies: since the purpose of this risk assessment was to 
facilitate management of the patients, we evaluated only those factors that were 
assessable within the first 24 h. We did not confine the potential risk factors to 
infection-related variables since, as noted above, cancer patients face various 
medical risks not necessarily related to febrile neutropenia itself. 
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The overall incidence of having any complication was over 20%, indicating that 
when we look at this group of cancer patients as a whole, there is at least 1 in 5 
chance that patients will develop a major medical complication, and thus that we 
were correct in keeping them in hospital. Secondly, there is a wide variety of com- 
plications. Many clinical factors associated with medical complications are inter- 
correlated. Given a variety of risk factors which are highly correlated with one 
another, the next step is to develop a multiple logistic progression model to iden- 
tify those who have an independent prognostic value. Three indicators of high risk 
proved to be highly significant: these who were inpatients at presentation, these 
who were outpatients but had acute comorbidity or some other reasons for being 
hospitalized besides neutropenia, and other outpatients who did not have acute 
comorbidity but did have uncontrolled cancer defined as patients with leukemia 
not in complete remission and patients with other cancers, with progression after 
their most recent chemotherapy regimen. Other factors that we originally thought 
important proved at least statistically, nonsignificant: the granulocyte count, an 
abnormal creatinine level, and positive blood culture. 

Applying these risk factors assessment to the patients, we found three risk 
groups that appear to have most of the complications, with a risk of at least 30%, 
and that there was a large group of the outpatients who developed febrile neu- 
tropenia who were at quite low risk. The patients who were at high risk were 
inpatients, that is, those who were already ill enough that someone felt they should 
to be hospitalized, those with comorbidity, and outpatients with uncontrolled 
cancer. All others were at low risk (Table 1). 



Table 1. Medical complications during febrile neutropenia in patient risk groups: training 
patient set (adapted from Talcott et al. 1988) 



Risk group 


n 


% with complications 


95 % CT 


Inpatients (group 1) 


101 


34 


25-44 


Acute comorbidity (group 2) 


22 


55 


32-75 


Uncontrolled cancer (group 3) 


26 


31 


15-52 


No risk factors (group 4) 


112 


2 


0- 7 


All patients 


261 


21 


17-27 



Why not stop here? The p values are very low, and the clinical arguments seem 
persuasive. However, I was not able to do so of the substantial chance that the 
model is wrong. Thus the model had to be validated, and this was done in the 
additional 444 episodes, most of them provided by the Dana Farber Cancer 
Institute, and others by the cooperation of colleagues at the Miriam Hospital in 
Providence, Rhode Island. We used the prospective data collection and, most im- 
portantly, we used blinded review of the risk factors and outcomes. The presence 
of risk factors was assessed only through medical records of the first 24 h of the 
febrile episode, and the persons identifying complications had access only to the 
remainder of the patient's charts. 

We still found an overall very high risk of complications, and the three risk 
groups included at least a 20% complication rate. In the remaining low-risk 





Assessing Risk in Cancer Patients with Fever and Neutropenia 



27 



patients (group 4) there were only five complications (5%). In addition to the three 
most powerful risk factors which I identified, there were a others that also had 
statistical significance. The importance of the duration of neutropenia is certainly 
established in the literature. Comparing neutropenia of less than 7 days to 
neutropenia of 7 or more days, I did indeed find an overall risk difference: 32% 
versus 16%. However, 16% is still a fairly high risk. Within these two categories the 
high-risk and low-risk patient groups that I had identified differed significantly 
in risk. Other factors associated with high-risk, such as acute leukemia, age over 
65, bacteremia, and elevated bilirubin essentially did not have complications, when 
occurring in group 4 patients (Table 2). 



Table 2. Medical complications during febrile neutropenia in patient risk groups: testing pa- 
tient set (adapted from Talcott et al. 1992 ) 



Risk group 


n 


% with complications 


95 % CT 


Inpatients (group I) 


268 


35 


29-41 


Acute comorbidity (group 2) 


43 


33 


20-49 


Uncontrolled cancer (group 3 ) 


29 


21 


9-40 


No risk factors (group 4 ) 


104 


5 


2-11 


All patients 


444 


27 


23-31 



Therefore the risk of patients with febrile neutropenia can be assessed accurately 
and early. The low-risk group is large enough to try in pilot studies to develop 
alternative therapies. The risk in the low-risk group is low enough for outpatient 
therapy to be reasonable, given the requirement that medical surveillance would 
have to be significantly less. 
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Therapeutic Approach in the Ambulatory Setting, 
Feasability and Surveillance 
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I would like to clarify the differences between the risk for infection and risk for 
outcome during the febrile neutropenic episode, as these are sometimes confused. 
Patients are clearly at risk for infection when their depth and duration of neu- 
tropenia is severe and prolonged. Pizzo 's group, at the NCI, analyzed patients with 
fever of unknown origin and separated then into low-risk and high-risk groups, 
based upon the duration of neutropenia at the end of the episode. Considering 
the clinical outcome in these patients, we clearly see a difference between those 
whose neutropenic episode was shorter than 7 days; they generally become 
afebrile quickly, after a median duration of 2 days, compared to the other group, 
with a duration of neutropenia of 14 days - here, it took an average of about 5 days 
to become afebrile. 

The other clinically important factor is that recurrent fever occurred in only 
0.6% of the cases in the first group compared but in 38% of the cases in the sec- 
ond group. This is important because successful therapy without modification was 
achieved in 95% in the first group but in 32% rate in the second group. Therefore, 
if we can identify a large group of low-risk patients, perhaps we can achieve, in 
prospective clinical trials a response rate in the range of 95%. Taking death as the 
outcome is not useful; in this study there were 3% and 2% death rates, respectively; 
these differences are not statistically significant. 

The first reported trial was from a French group; they did not specifically iden- 
tify, using a risk stratification criteria, a patient population. They chose 60 patients 
with lymphoma, and the instructions for the patients were to take their tempera- 
ture twice daily; when fever was detected, they were instructed to take a quinolone 
plus amoxicillin/clavulanate. These patients were started on therapy at home, and 
then they were instructed to seek medical attention if their symptoms persisted 
after 72 h of antibiotic therapy. The response rate was 87%, but there were nine 
failures. Some patients stopped the antibiotics too early; these patients responded 
when they were admitted to the hospital for inpatient antibiotic treatment. Two 
patients had problems with nausea and vomiting; they responded when they were 
admitted. Two other patients had persistent fever and responded to addition of 
parenteral antibiotics; there were 2 cases of staphylococcal bacteremia and one 
was fatal. 

Our concerns about this approach is that there is a lack of standard evaluation 
of risk assessment at the beginning of the patient 's evaluation. There is also a lack 
of culture results to direct further therapy; this is sometimes a problem because 
many patients require modifications of therapy. Finally, there is lack of careful 
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follow-up for response to treatment, and one might consider that the death that 
occurred may have been preventible. Nevertheless, it is an important study. 

After the Dana Farber group finished their validation study, they took the next 
logical step: they studied the low-risk group of patients who were evaluated for 
early discharge after 2 days of hospital-based antibiotics therapy. To further reduce 
risks they excluded patients who had evidence of a significant source of infection, 
those with positive blood cultures, those who had an abnormal chest X-ray, and 
those aged over 65 years, even though in the regression model these were not risk 
factors - this was done to further reduce risk. Patients received therapy until the 
neutrophil count became greater than 500, and they were treated with one or two 
different antibiotic regimens; therapeutic adjustements were allowed, as well as 
the use of the growth factors. They enrolled 30 patients with a median age of 38; 
most of the patients had a absolute neutrophil count of less than 100, and the me- 
dian duration of neutropenia was about 6 days. Of these patients 25 had fever of 
unknown origin (FUO), and five had clinical sites of infections, including skin 
cellulitis and catheter site infection. Seventeen patients who would have been eli- 
gible for trials at the M.D. Anderson Cancer Center were excluded: nine because 
of localized infections, five because of their unresponsive cancer, and three because 
they were older than 65. The original regimen was successful in 53%, but this 
means that in 47% there were problems. Complications developed in four patients, 
five were admitted for persistent fever, and five required the antibiotic regimen 
to be adjusted. Thus, although to a certain extent this is successful, we wonder 
whether it is really a starting point for a successful outpatient program when the 
response rate is only 53%. 

Malik took a different approach, using various regimens.Here I review some 
of his work using ofloxacin in patients with solid tumors, who are very similar to 
those in the Talcott 's group 4. They received an initial clinical evaluation but did 
not carry out cultures. They performed a white blood cell count after 7 days to 
determine whether their blood counts were recovering, or whether they had per- 
sistent neutropenia. They were treated with norfloxacin, at 400 mg twice daily for 
7 days. Of the 111 episodes treated 92 (83%) were successfully managed without 
hospitalization; 16 required hospitalization, for a 14% failure rate of outpatient 
therapy; there were two early deaths, and overall survival was 97%. Among the 
hospitalized patients 6 had clinically documented infections, 3 microbiologically 
documented infections, and 11 FUOs. Self-administered oral therapy may be useful 
in developing countries. It also does confirm that in low-risk neutropenic patients 
oral therapy can be successful. We wonder whether there is a need for an exten- 
sive laboratory workup. 

More recently Malik reported a randomized study comparing inpatients and 
outpatients receiving ofloxacin. He defined this population at low-risk, being 
outpatients who could take oral medicine, who had no history of recurrent FUO, 
who had no comorbidity and did not otherwise require hospitalization, and whose 
expected duration of neutropenia was less than 7 days. All of these patients un- 
derwent standard clinical evaluation and cultures. There were 84 patients entered 
in the outpatient arm and 85 in the inpatient arm; the median age was mid-40s. 
They were primarily solid tumor patients, and the mean absolute neutrophil count 
was slightly greater than 100. Duration of neutropenia was short, between 4 and 
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5 days; very few patients had neutropenia of i week, which shows that in general 
about 85% of the time the physician is accurate in identifying those with a short 
duration of neutropenia. There were no differences between the clinical charac- 
teristics of the patients in these arms of the trial. Among patients who had docu- 
mented infections, the outpatient response rate was 65%, compared to 62% among 
inpatients; this is not statistically different. The failure rate also did not differ. 
Among patients whith FUOs the response rates were similar: 82% and 85%. With 
modified therapy these numbers are much higher, and the death and failure rates 
do not differ. 

We take a different approach at the M.D. Anderson Cancer Center. I describe 
here the history behind this program because we have taken a very different 
methodological approach than some of the others. In 1987 , 1 spent most of my time 
working in the outpatient treatment department. The most common thing that I 
saw was fever, and it was the most common reason to admit a patient to the hos- 
pital. The patients were mostly those with breast cancer, sarcoma, lymphoma, or 
myeloma and were receiving outpatient chemotherapy. When I reviewed their 
charts, there was often an uncomplicated febrile neutropenic episode, sometimes 
with bacteremia or other documented infections. They would enter the hospital, 
receive antibiotics, recover, and the next month during their new episode of 
neutropenia they would develop febrile again. That we I suggested to Dr Bodey 
treat patients with fever in neutropenia as outpatients. We developed the following 
eligibility criteria: 

- Documented temperature > 38.3° C 

- Absolute neutrophil count < looo/mm^ 

- No comorbidity 

- Normal liver/renal function 

- No allergy to study drugs 

- History of compliance 

- No uncontrolled nausea/vomiting 

We decided to focus on outpatients because we knew that inpatients were the wrong 
population, and we knew that they had to be febrile and neutropenic. My observa- 
tion had told me that patients who are most likely to benefit from outpatient therapy 
are those who do not require hospitalization for other problems. We certainly 
wanted to choose the patient population that was likely to benefit, and therefore if 
they were hypotensive or had respiratory distress upon presentation, they clearly 
were ineligible. We wanted patients with good liver and renal function; they must 
not be allergic to a study drug; they had to have an history of compliance to outpa- 
tient therapy, and all kinds of therapy, and, if we randomizing patients to oral drugs, 
they must have no problems with nausea and vomiting. We have used this eligibil- 
ity criteria, which is explicit and reproducible, for the past 8 years. We also included 
psychosocial eligibility. We wanted patients who were living near to us, so that if they 
did have trouble, they could come to us quickly. We wanted patients to have a will- 
ing care giver, who could assist with the complexity of the patient's therapy, and 
also patients with a telephone in their residence. 

Our first trial considered ciprofloxacin plus clindamycin orally, compared it to 
an intravenous regimen of aztreonam and clindamycin, given every 8 h. The ob- 
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j active in this study was safety and efficacy. The results of this trial, which was been 
published in 1993, show that for the oral arm, the response rate was 91% and in 
the intravenous arm 94%; these figures are not statistically significantly differ- 
ent. The FUO patients ' response rates were 92% and 96%. In the Pizzo studies the 
expected response rate in FUOs should be around 95%. This clinical trial there- 
fore suggested that we were on the right path. The problem that we noticed and 
that stopped this trial is that there was toxicity on the oral arm which was unex- 
pected; we found renal failure. At that time ciprofloxacin was not known to be 
potentially a nephrotoxic agent. Combining safety and efficacy, the intravenous 
arm was statistically superior to the oral arm, and we stopped the trial. We thought 
that we had learned every thing we needed to know from the trial. Our observa- 
tion was that outpatient intravenous therapy was safe and effective and superior 
to oral therapy. We saw no septic shock. No patient was admitted to the hospital 
with persistent fever and/or hypotension. There were no deaths related to infec- 
tion. One patient died, one who had very aggressive melanoma and developed a 
renal tract infection. She was put in the study on the oral arm and at day 3 had 
developed acute renal failure. This patient required dialysis. She eventually recov- 
ered, but finally she died from progessive melanoma. Oral therapy thus appeared 
promising but because of toxicity did not appear adequate to proceed with further 
study. 

We therefore designed another trial. This time we used ciprofloxacin at 500 mg 
every 8 h and substituted amoxicillin/clavulanate for clindamycin. This study was 
stratified for leukemia and the use of growth factors, and, as in other studies, we 
followed the same routine. Patients were seen in a preambulatory treatment center 
by a physician experienced in taking care of patients with fever and neutropenia, 
but because these patients often presented with fever at night, we had to rely also 
upon our own fellows. Patients underwent a standard evaluation. The history tried 
to determine a source of infection; they also underwent a standard chemical and 
blood evaluation, as well as chest X-rays and standard cultures. They were 
observed by a group of nurses experienced in managing patients with febrile 
neutropenia. Patients under studies were treated for 4 consecutive days regardless 
of the neutrophil count. In this particular trial, if they had persistent fever with- 
out a defervescence at 72 h, we considered it a failure of the initial regimen and 
allowed a cross-over. Patients with microbiologically documented infections were 
treated until the cultures became negative, and until they were afebrile for at least 
4 consecutive days. 

At randomization most of the patients were profoundly neutropenic, and this 
was an important aspect for an outpatient regimen. Response rate in the intrave- 
nous regimen for all episodes was 87%; in the oral regimen it was 90%. FUO re- 
sponse rates were 86% and 93%, respectively; there is no statistically significant 
difference between the groups. The response in documented infection rates is 88% 
and 89%. The bacteremia response rate was lower: 50% in the intravenous arm 
and 77% in the oral arm. The overall response rate in leukemia was statistically 
lower than in solid tumor and lymphoma patients. 

We have also carried out a preliminary analysis of the response to antibiotics 
by the preexisting use of growth factors; there was a trend in the oral arm for 
patients receiving growth factors to have a slighly higher response rate. All of the 
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17 patients (7 the oral arm, 10 intravenous arm) responded to modified therapies, 
except for one patient who died from very progressive leukemia. All these patients 
responded when they were switched to other antibiotics. Toxicity in this trial was 
very rare and most often self limited. 

Our conclusions from this trial are that a low-risk patient population can be 
identified - usually within 4 to 8 h after presentation. Moreover, outpatient anti- 
biotic therapy is safe and effective. Regarding the benefits of an ambulatory man- 
agement strategy for febrile neutropenia, there are advantages for the patients, 
including greater convenience for the patients and perhaps also for the family and 
caregivers (Table 1). There maybe improved quality of life for the patient, but this 
may be coupled with stress and perhaps a decrease in quality of life for the 
caregivers. There may be fear of superinfection, but we examined mainly the 
potential risk of developing serious complications at home. In the 8 years that we 
have been conducting these studies there have been 300 patients on clinical tri- 
als and another 250-300 patients off trials. We have had no death at home, no 
admission to the hospital with septic shock, no admissions to the ICU, and in all 
those 500 patients the only deaths have been the two reported above (progres- 
sive melanoma, progressive leukemia). 

Table 1. Treatment alternatives for low-risk febrile neutropenic patients 



Strategy 



Preferred patient population 



Outpatients 
Oral antibiotics 



Intravenous 

antibiotics ± use of 
home care services 

Inpatients 

Short-term intravenous 
antibiotics followed by 
oral antibiotic therapy 



No nausea; history of excellent compliance capable 
of understanding risks/ alternatives; willing to keep 
scheduled follow-up visits in clinic 



Patients with severe mucositis; preexisting central venous 
access; comfortable with infusion devices 



Living too far away to comply with daily follow-up; 
no caregiver or limited performance status; concerns about 
comorbidity or accuracy of risk assessment 



Oral antibiotics 



Living too far away to comply with daily follow-up 



We believe that all patients should undergo standardized evaluation on day 1 and 
be seen at the center again on day 2 for evaluation of initial response to therapy. 
All patients should be seen on day 3; generally after 3 days one can determine 
whether the patient is an early responder or requires modified therapy. At this 
point we would recommend that the patient population treated as outpatients be 
those who have no nausea, history of excellent compliance, able to understand the 
risk and alternatives, and willing to keep the schedule of visits at the clinic. In 
instituting a plan such as this it is important to understand the risks and their 
alternatives. If one is less comfortable with this strategy, one prefer the adminis- 
tration of intravenous antibiotics with or without the use of home care services. 
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The advantages of this are: 

- Greater convenience for patient/family/caregiver 

- Improved quality of life for patient 

- Fewer superinfections 

- Lower cost 

Disadvantages include the following: 

- Loss of time at work caring for patient 

- Added stress for care giver 

- Potential risk of developing serious complications at home 

- Lower cost 

- Risk of noncompliance and false sense of security or inadequate monitoring 
for response to therapy/toxicity 

We believe also that in the future risk models must be refined; we suspect that we 
need to develop several models for transplant and leukemia patients. We need to 
look at non-low-risk patients and see whether we can develop strategies using 
sequential therapy, possibly using growth factors. 
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The Sequence of Infective Events in Prolonged 
Neutropenia 

B. E. De Pauw 



During prolonged neutropenia, there are several occasions where the risk differs 
by the type of infections. A normal patient has several lines of defense; skin and 
mucous membranes are the first. In a Dutch analogy, these are comparable to the 
firm dikes constructed to keep the threatening water out of the land that is below 
sea level. Just as the dike is in constant danger from attacks by the sea, mucosa 
and the skin are endangered by chemotherapy and punctures, leading to disrup- 
tion of the intact structures which result in infections of superficial organs such 
as skin, mucosa, and the bronchi that possibly lead to infection of the blood 
stream. Later one can be confronted with an attack on the second line of defense, 
consisting of granulocytes, macrophages, and cytokine-producing cells. If this 
protection mechanism is jeopardized, infections of the deep organs like lung, liver 
and nervous system may ensue. 

Because so many different factors are involved in the protection against 
infection, it is often impossible to indicate a single factor as the cause of dam- 
age to the host's defenses. There is also a complex interaction between several 
defense mechanisms themselves and the various actions we undertake to cure 
patients. During allogeneic bone marrow transplantation, for instance, the pa- 
tient develops fever in an early phase coinciding with both granulocytopenia 
and mucositis. There is virtually never a single clearly identifiable source at a 
given time, and the risk varies among different subjects depending on the vary- 
ing relationship between external factors and the defense system over the course 
of a therapeutic intervention. The type of pathogen responsible for the infec- 
tions is influenced by the kind of alteration in the defense. However, because of 
the complexity in the alterations of host defenses, it is often difficult to deter- 
mine whether the causative pathogen is a gram-positive or a gram-negative 
bacterium or even a fungus. 

In an elegant study in 1965-1966 Bodey revealed the crucial role of granulocy- 
topenia, thereby addressing the question “What really should be called granulo- 
cytopenia?” With fewer than 1000 granulocytes there is hardly an increased risk 
for infection, but below 500 the situation becomes already less acceptable, and 
with less than 100 granulocytes for more than 1 week infection is inevitable. 
Although the degree of neutropenia is the paramount predisposing factor to 
infection, it is not only granulocytopenia that plays a role. In reanalyzing data on 
1951 patients treated for hematological malignancies we learned that overall about 
80% of them developed fever. However, in autologous bone marrow transplant 
recipients the incidence of fever was much lower, whereas in allogenic bone mar- 
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row transplant patients, with their prolonged neutropenia and more severely 
endangered defense mechanisms almost everyone became febrile. 

Most neutropenic patients display no further symptoms of infection at the 
onset of a febrile episode, and therefore suffer from a so-called fever of unknown 
origin or unexplained fever. However, if investigations are continued, there is 
within 72 h a chance of making a more appropriate clinical diagnosis. Over time 
one sees the development of clinically and bacteriologically documented infec- 
tions; there are an added number of bacteremias, and the number of unexplained 
fevers is decreasing constantly. When one looks at the time course of these events, 
it is clear that after the onset of a febrile event lower respiratory tract infections 
may take up to 14 days to evolve fully. Different sites of infection are associated 
with specific causative pathogens and with different courses of the infection. For 
instance, in patients with an organ infection that emerges during the course of 
neutropenia mortality is much higher than in patients with fever of unknown 
origin early after chemotherapy (Fig. 1). By careful monitoring of the clinical 
course of the patients during the course of granulocytopenia one can improve on 
handling of complications. With prolongation of neutropenia, the risk for a sec- 
ond febrile episode is substantial; with a duration of less than 7 days, the risk for 
a second febrile episode is below than 10%, and it is about 15% in patients with a 
duration of neutropenia between 7 and 28 days. However, with a duration of more 
than 28 days, the rate is higher than 50%, the main infection threat being aspergil- 
losis, as shown in a study by Gerson in 1984. 

What about the microbial flora? In The Netherlands we have believed in colo- 
nization resistance for a long time, and the concept was used to design regimens 
aiming at the prevention of infections or febrile episodes. This principle can eas- 
ily be challenged, but to a certain extent colonization resistance seems to play a 
protective role. In most patients with a mucosa damage by chemotherapy and 
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Fig. 1. Mortality according to the course of symptoms of infection during neutropenia 
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radiotherapy the endogenous flora is already disturbed, and this is further exag- 
gerated if such a patient is hospitalized and given numerous broad-spectrum 
antibiotics in the injudicious belief that the more antibiotics are prescribed, the 
better it is for the patient. In a study comparing ceftazidime with piperacillin and 
tobramycin, the risk for fungal superinfections was doubled by the combination 
with antianaerobic activity. Also in another study of 120 patients receiving 
ceftazidime versus ceftazidime plus teicoplanin, the number of superinfections 
with fungal pathogens was higher in the more intensively treated group. Likewise, 
in a more recent study comparing ceftazidime alone with carbapenem alone the 
requirement for systemic antifungals appeared to be higher for the carbapenem 
with its broader intrinsic activity, whereas other additions were more or less 
equally distributed. Feld analyzed the risk factors for fungal infections in febrile 
neutropenic patients. Increased risk appear to be associated with the time on 
antibacterial treatment, the length of neutropenia, empiric antibacterial combi- 
nation therapy, lack of viral prophylaxis, and lack of antifungal prophylaxis. 

The role of thrombocytes is often underestimated; thrombocytopenia can be 
either disease related, as leukemia, or chemotherapy or radiotherapy related. 
Thrombocytopathy induced by antibiotics or other drugs may also occur. Apart 
from the prevention of hemorrhage, thrombocytes play a more elaborated role 
in our patients as they are involved in the production of growth-promoting and 
wound-healing factors and prevent organ damage. If extensive hemorrhage oc- 
curs, the patient is at risk for many kinds of infections, including invasive fungal 
infections. 

Subsequently, organ dysfunction must be considered. This can be related to 
tumor localization or metastases, that interfere with organ function; likewise, 
treatment-associated conditions, including surgery and thrombocytopenia, and 
concomitant diseases such as AIDS, smoking, neurological disorders, and vari- 
ous concomitant medications such as corticosteroids can increase the risk for 
bacterial and fungal infections. The list of factors potentially involved includes: 

- Age 

- Nutritional status 

- Disease related 
Tumor localization 
Metastasis 

- Treatment related 
Chemotherapy 
Radiotherapy 
Surgery 

- Concomitant diseases 

AIDS, diabetes mellitus, smoking 
Neurologic diseases 

- Concomitant therapy 

Corticosteroids, antacids, antiemetics, tranquillizers, parenteral nutrition, 
bloodtransfusions 
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Fig. 2. Reactivation of previous infections 



A decreased cellular immunity plays also an important and frequent role since 
many patients with so-called low-grade malignancy lymphomas are now treated 
not only with corticosteroids but also with purine antagonists. These drugs in- 
duce an AIDS-like status that lasts many years, and one might therefore expect 
to encounter the infections seen in AIDS. Of course, the same is true for medica- 
tions such as cyclosporin. Here we are particularly confronted with reactivation 
of pathogens which are already present in the body, but by decreasing immunity 
the balance between defense mechanisms still living organisms can be disrupted, 
and confronts with infections by Pneumocystis carinii, Toxoplasma gondii and 
cytomegalovirus (Fig. 2). With today's aggressive treatment of leukemia, fre- 
quently encompassing a bone marrow transplant, with graft-versus — host disease, 
an increasing number of patients is prone to a similar spectrum of infections 
considering the potent immunosuppression. 

The last line of defense is the humoral immunity, but this seems to play a minor 
role since no studies that have tried to correct humoral immunity have yet 
accomplished better results. Humoral immunodeficiency is disease related, most 
often chronic lymphocytic leukemia and myeloma, it can be seen with malnutri- 
tion and splenectomy. In splenectomized patients encapsulated micro-organisms 
such as pneumonocci can kill a patient within 24 h after the onset of the infec- 
tion. 

Returning to the risk period as defined by the late Myers, it is clear that he was 
right in noting that initially we must deal mainly with bacterial infections (Fig. 3). 
This constitutes the empiric phase, the one for rapid blind intervention. Although 
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(transplant) (acute GVHD) (chronic GVHD) 



Fig. 3. Risk periods of infection after bone marrow transplantation. (Adapted from Meyers 1986) 



we should beware of coagulase negative staphylococci associated with central 
venous catheters, gram-negative rods may still figure at that time, and they are 
likely to figure even more often in the future. S. aureus, streptococci, and herpes 
simplex maybe problems as well at that stage. Then follows the postempiric phase 
where one must think about diagnostic measures that may produce objective 
evidence of an infection to help to replace an ineffective initial blind interven- 
tion scheme. Resistant bacteria may occur, as well as R carinii, Clostridium difficile 
and Aspergillus species. Bone marrow transplantation creates conditions favorable 
for cytomegalovirus infection in the late phase. Infection in cancer patient is very 
dependent on previous treatment and the state of the underlying diseases, which 
determine the defects of the defense mechanisms and the organisms selected by 
these defects. Taking all this into account provides vision of the future that Myers 
envisioned a decade ago. 
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The Empirical Therapeutic Cascade: 
When to Start and When to Stop 

RA. Pizzo 



The administration of empirical antibiotic therapy to neutropenic patients who 
become febrile was results in less infectious morbidity and less mortality and it 
remains the standard of care for the febrile neutropenic patient. 

The approach to empirical therapy in the 1990s, however, must be guided by 
accuracy in the diagnosis, risk stratification, and possible therapy for febrile 
neutropenic patients. The issue of when to begin antibiotics, which agents to use, 
how to modify the therapy, and when to discontinue them entirely is guided by 
the definition of who really is at risk. It is clear that the primary risk factor has 
been and remains the depth and duration of neutropenia. Whenever the neu- 
trophil count falls below 50o/mm^ and especially to less than loo/mm^ the inci- 
dence and severity of infection is increased; this is further aggravated by the 
duration of neutropenia. In this context it is also clear that we can, at least in some 
ways, begin to define patients into low- and high-risk categories based upon an 
estimate, although imperfect of the duration of their neutropenia. For the most 
part those patients who remain neutropenic for less than 7-10 days can be 
categorized as being at “low risk” whereas those who remain neutropenic for 
longer than 10 days are at “high risk”. Besides the duration of neutropenia and 
his depth, there are a number of factors that appear to modify the risk for infec- 
tion from neutropenia: the degree of both oral and gastrointestinal mucositis, the 
type and intensity of cytotoxic or immunosuppressive therapy that has been given, 
the endogenous microflora, and whether there is an indwelling catheter. 

During the past decade there have been many changes in both the risk factors 
that contribute to infection and the infecting organisms and agents available to 
treat them; these factors certainly contribute to the approaches to our current 
empirical regimens. In most centers in the United States, gram-positive organisms 
predominate as the major bacterial isolates, especially the coagulase-negative 
Staphylococcus aureus^ which in some centers is methicillin resistant, and the 
viridans streptococci, which in some studies comprise up to 39% of the bactere- 
mias, particularly Streptococcus mitis and S. sanguis. A number of factors contrib- 
ute to the infections with these organisms, including profound neutropenia, 
especially in association with the administration of high-dose cytosine arabino- 
side and oral mucositis. Other important high-risk factors for infection due to 
viridans streptococci include prior use of H^-antagonists and, importantly, the 
prophylactic use of quinolone antibiotics. The importance of viridans streptococ- 
cal infection is due to high morbidity and elevated mortality, in part because of 
their association with the adult respiratory distress syndrome. In centers where 
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these organisms are a problem, their presence figures into the selection of the 
empirical antimicrobial regimen. 

Gram-negative organisms have decreased in many centers during the past dec- 
ade. From the EORTC studies, which began in the early 1970s, there has been a con- 
tinuing reduction in the incidence of gram-negative isolates. Similarly, at the Na- 
tional Cancer Institute in the United States there has also been a significant 
reduction in gram-negative infection and especially Pseudomonas aeruginosa. In 
more than 1000 episodes of febrile neutropenic events we have had only about 20 
R aeruginosa infections. Nevertheless, despite the decrease in the incidence of 
P, aeruginosa it must always be considered since, when it is present, it still carries a 
significant risk for morbidity and mortality. In addition, one cannot forget about 
the anaerobes because of the contribution to mixed infections (especially in oral 
and perianal area) as well as the mycobacterical, especially the atypical types. 
Viruses, especially the herpes viruses (e.g., herpes simplex, cytomegalovirus, vari- 
cella) are important in both adults and children and respiratory viruses (e.g., respira- 
tory synticial virus and adenovirus) are increasingly important causes of infection. 

As patients remain neutropenic for a longer period of time, the empirical 
approach must include fungi, especially Candida, Cryptococcus, and most 
notably of course in terms of morbidity and mortality Aspergz7/ws and Mucor, 
One must consider that at certain centers less common but still very important 
pathogens {e.g.,Fusarium, Trichosporon) may cause serious infectious morbid- 
ity. We cannot forget about the parasitic organisms, especially pneumocystis, 
toxoplasmosis, and strongylodoisis as causes of infection in immunocompro- 
mised cancer patients. 

With this background of evolving microbial flora, the prompt initiation of 
broad spectrum antibiotic therapy when neutropenic patients become febrile still 
remains the most important principle in their management. However, because of 
the risk of second or multiple infection it is also imperative that this initial therapy 
be coupled with addition or modification of the empirical regimen based on the 
evolving status of the patients. To optimize our chances for success we must 
promptly begin the empirical regimen whenever a cancer patient whose absolute 
neutrophil count is less than 500 develops a fever. There is no ideal starting regi- 
men, and among the variables that one considers are the risk status of the patient, 
the local microbial flora and antibiotic sensitivity patterns, the toxicity of the 
drugs, and costs. There are a number of options for the initiation of empirical 
antibiotic therapy based upon the current pattern of infections and available 
agents. For example, one can commence with a combination regimen that includes 
a third-generation cephalosporin with or without vancomycin. One can also use 
monotherapy with either a third-generation cephalosporin or carbapenem or even 
an extended spectrum penicillin coupled with a beta-lactamase inhibitor. For low- 
risk patients the option of outpatient parenteral therapy and even oral therapy 
has become an important focus. 

- Combination regimens (e.g., third-generation cephalosporin plus aminoglyco- 
side and/or vancomycin) 

- Monotherapy (e.g., third-generation cephalosporin, carbapenem, extended- 

spectrum penicillin/sulbactam) 
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With regard to the benefits of combination antibiotic regimens versus monotherapy, 
there is a rich body of data to support at least the utility of monotherapy. Initial 
studies performed the NCI and reported nearly a decade ago based upon 550 epi- 
sodes of fever in neutropenia demonstrated that the single agent of ceftazidime was 
comparable to a three-drug regimen. More recently a large study of fever in neu- 
tropenia in 676 patients, largely with acute leukemia, who were randomized to 
ceftazidime as a single agent versus piperacillin and tobramycin, demonstrated that 
the single agent ceftazidime was as effective as the combination in overall response. 
Infectioun-related mortality was similar, but adverse events appeared to be more 
common with the combination than with with the single agent. 

As one considers the initiation of therapy, the relative incidence of resistant 
organisms in a given center must be taken into account; nonetheless, in most situ- 
ations it is possible to begin with a single agent. Regardless of whether the initial 
therapy is a combination of antibiotics, the need for modification of therapy as a 
correlate of the empirical cascade, must also be carefully considered. 

We previously reported that when patients with fever and neutropenia were 
randomized to a single agent therapy with imipenem versus ceftazidime, modi- 
fications of the initial drug regimen were necessary for both antibiotic regimens. 
These modifications included either the addition of other antibiotics, antiviral 
agents, or antifungal agents and were based upon the evolving clinical status of 
the patient. In this study patients were randomized to ceftazidime or imipenem. 
Of the 501 episodes entered into this trial nearly 400 were fully evaluable; the main 
reasons for exclusion included that the patient either had received an antibiotic 
within the prior 72 h or never achieved a neutrophil count less than 500, despite 
the fact that one patient appeared to have falling counts. This study was carried 
out in both children and adults, whose age range was 4-80 years. Patients had 
either leukemia, lymphoma, or solid tumor. Neither age nor the type of malig- 
nancy made a difference in the outcome of these patients. At the time of randomi- 
zation to ceftazidime or imipenem, 60% of the patients were profoundly neutro- 
penic (neutrophil count < loo/mm^, with an average duration of about 8-9 days. 
As in many studies that have been carried out during the past decade, it turned 
out that the majority of patients were in the unexplained fever category. This rep- 
resents a problem but does not mean that these patients were uninfected; rather, 
it probably reflects the fact that empirical therapy commenced early and masked 
the ability to diagnose occult infections in this patients population. Of the one- 
third who had a documented infection, most had clinically documented infections. 
A smaller percentage of these patients had bacteremias, either gram-positive or 
gram-negative, as well as polymicrobial infections. Although very rare, on occa- 
sion patients may present with fungemia. 

- Neutropenic patient who remains persistently febrile on antibiotics 

- Neutropenic patient who initially defervesces but who becomes febrile again 

- Patient recovering from neutropenia who becomes febrile 

- Patient with previous fungal pneumonia or a new pulmonary infiltrate while 

on antibiotics 

In this clinical trial we addressed the modifications necessary in the patients who 
present with an unexplained fever and those with clinically or microbiologically 
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documented infections. If we look at the data in those patients randomized either 
to ceftazidime or imipenem, at 72 h with unexplained fever survival was 100%, 
and nearly 80% of patients in each arm of the study required no modification of 
their initial regimen. As patients went on through the period of neutropenia, the 
need for additions or modifications of the empirical cascade increased, includ- 
ing the addition of aminoglycosides, antianaerobic agents, and antifungal or 
antiviral agents. More patients on ceftazidime than on imipenem required the 
addition of an antianaerobic agent because of infection in the oral cavity or peri- 
neal area and because of the narrow antianaerobic spectrum of ceftazidime. The 
need for systemic vancomycin, although rare initially, became more common as 
patients proceeded through the study and was guided again by the presence of a 
gram-positive infection; oral vancomycin was guided by the presence of C. difficile. 
Patients sometimes required the addition of other antibiotics as well as antifun- 
gal agents, as they remained neutropenic for longer periods of time. To achieve a 
high degree of survival, which was approximately 98% in each arm of this study, 
multiple additions to the antimicrobial regimens were necessary, even in patients 
who had an explained fever. Even more modifications were necessary in patients 
who had a documented infections. While survival at 72 h was 100% in both arms, 
and indeed remained of 98% as patients proceeded through the duration of neu- 
tropenia, more of these patients required modifications of therapy, both early and 
throughout the course of their neutropenia. 

The subset of patients who showed an evidence of infection required further 
additions to the empirical cascade; this, again, included the addition of selected 
antibiotics aminoglycosides, antianaerobic agents, or vancomycin. It is important 
to recognize that while vancomycin was used in this study, it was not necessary 
in the majority of patients, further emphasizing that empirical vancomycin is not 
an essential component of the initial empirical cascade. Limiting the use of van- 
comycin has become even more important in the 1990s, because vancomycin- 
resistant enterococci and other organisms have increased significantly. Further, 
patients with documented infection, such as those with unexplained fever, require 
the addition of antifungal and antiviral agents; these additions were, again, com- 
parable in the two arms and increased as the duration of neutropenia continued. 

Modification of an empirical regimen are guided not only by new clinical or 
microbiological infections but also by toxicity. For example, there was a signifi- 
cantly higher incidence of diarrhea attributable to C. difficile in the patients who 
received the imipenem than in those receiving ceftazidime in this clinical trial. 
This also contributed to the higher need for oral vancomycin in patients receiv- 
ing imipenem. In that study, just as in our prior ones, it was clear that patients 
who have persistent neutropenia require the additional modification of therapies. 
In contrast, patients who were neutropenic for less than a week fall into a low- 
risk group and the approach to therapy in these patients can be guided by simple 
regimens and shorter durations of therapy. An increasing number of cancer 
patients are also complicated by the presence of indwelling intravenous catheters. 
However, the presence of a catheter does not appear to affect the choice of the 
initial antibiotic regimen. 

While more active regimens seems to be needed in high-risk patients with 
prolonged neutropenia, we can also look to simplying regimens for low-risk 
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patients. Specifically, studies are underway to determine whether such patients 
can be treated with oral regimens, either initially or during the course of their 
therapy. We are currently studying this question in a randomized double-blind 
study in which patients who are projected to have a duration of neutropenia of 
less than lo days are prospectively randomized to either intravenous ceftazidime 
and an oral placebo or oral ciprofloxacin and amoxicillin/clavulanate plus a 
parenteral placebo. We are hopeful that this trial will help to clarify whether such 
simplifications or therapy are appropriate (Table i). 



Table 1. Continuing versus discontinuing antibiotics 





Continue antibiotics 
(%) 


Discontinue antibiotics 
(%) 


F-G+ 


F+G+ 


F-G+ 


F+G+ 


Remained afebrile or improved 


100 


62 


59 


44 


Became febrile or worsened 


0 


38 


41 


56 


Became hypotensive 


0 


0 


12 


38 



F, Febrile; G, granulocytopenic. 



In addition to addressing the empirical cascade, it is also important to discuss the 
appropriate duration of antimicrobial therapy. In studies carried out more than 
two decades ago we began looking at the duration or need for a continued anti- 
biotic therapy in patients with unexplained fever, who remained either persist- 
ently febrile or afebrile after a week of antimicrobial therapy. We observed in those 
early studies that when patients were randomized on day 7 to either continue or 
discontinue antibiotic therapy that their outcome depended to some degree on 
whether they were afebrile at that time. Clearly for those patients who were per- 
sistently granulocytopenic and afebrile stopping antibiotic therapy on day 7, was 
associated with a significant degree of morbidity; nearly 40% of these patients 
became febrile again or clinically worse within approximated 2 days of antibiotic 
discontinuation. Even more problems were in patients who both persistently 
febrile and neutropenic. If antibiotics were discontinued in these patients, there 
was a very significant incidence of hypotension within 2 days after stopping 
antimicrobial therapy. In contrast, in those patients who continued on broad spec- 
trum antibiotic therapy there was a significant reduction in this early morbidity. 
That led us, at least in the patients who remained persistently neutropenic, to the 
recommendation that we needed to continue antibiotic therapy through the 
ultimate resolution of neutropenia. However, we determined that this need not 
continue for more than 14 days (Table 2). 

There have been data which further elaborate on the algorithm that can be 
utilized, especially from the group at Dallas, which used both retrospective and 
prospective studies to demonstrate that in patients who have evidence of bone 
marrow recovery during the time that they were being treated with antibiotic 
therapy it is safe to discontinue therapy and discharge them from the hospital. It 
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Table 2. Should antibiotics be continued until resolution of neutropenia? 




Retrospective 
(n = 114 ) 


Retrospective 
(n = 107 ) 


Prospective 
(n = 131 ) 




n % 


n % 


n % 


Discharged 

< 500 /mm^ 


77 68 


70 65 


78 60 


Readmitted 


1 1 


3 3 


7 5 



is thus clear that discontinuing antibiotic therapy is feasable for low-risk patients, 
who have evidence of bone marrow recovery. However, it is not acceptable for 
patients with persistent profound neutropenia, where the discontinuation of anti- 
biotic therapy can be associated with significant clinical deterioration. In those 
who are persistently febrile and profoundly neutropenic, the addition of antifun- 
gal or other agents will be the rule rather than the exception. In this population 
with persistent fever or who have the recrudescence of fever, even in the time 
where their neutrophil count is recovering, not only does one consider the im- 
portance of empirical antimicrobial therapy but one must also of course consider 
the importance of antifungal therapy. 

Of considerable interest, the granulocyte recovery is now something that can 
be modulated somewhat by the use of the variety of biologicals, and their use 
either preventively or in an adjuvant setting can have an impact upon the course 
of patients who are at risk for neutropenia. When we look to the future, we will 
not only be able to bridge the gap of neutropenia with empirical antimicrobials 
but, with the addition of a variety of biologicals which will hopefully booster 
immune system and lead to recovery at an earlier point of time, we hopefully will 
be capable of further simplyfying the empirical cascade that has served us so well 
in recent decades. 
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Fever and infection, as a consequence of neutropenia, mainly in acute leukaemia 
or agranulocytosis, were first described about loo years ago. Because of its rarity 
little attention has been devoted to this syndrome. Neutropenic fever and infec- 
tion became a significant clinical problem with the common use of cytostatic 
therapy for cancer. Bodey et al. clearly demonstrated the close relationship 
between the level and the duration of neutropenia and the frequency of infection 
in patients treated with chemotherapy for acute leukaemia. At that time bacter- 
aemic infection complicating severe neutropenia was caused mainly by gram- 
negative bacilli, namely Pseudomonas aeruginosa, and was associated with a dis- 
astrous 90% mortality rate in spite of the availability of in vitro active antibiotics. 

Two major events played a basic role in changing of the mortality of gram- 
negative bacillary infections in neutropenic patients: first, the wide acceptance of 
empiric therapy and, second, the optimal use of antibiotic combinations. 

It was recognized that gram-negative infection, especially when P. aeruginosa 
was involved, was often fulminant in neutropenics and killed over 50% of the 
patients within 48 h after its onset. In addition, it became clear that neutropenia 
minimised many signs and symptoms of infection, and that fever was often the 
only early manifestation of sepsis. Based on these observations, the concept of 
empiric therapy for fever in neutropenic patients was proposed by Schimpff et al. 
In the study which launched the concept, an active combination against P aerugi- 
nosa and other gram-negative bacilli (carbenicillin + gentamicin) was used em- 
pirically as soon as neutropenic patients became febrile, without waiting for clini- 
cal and/or microbiological evidence of infection. There was a dramatic reduction 
in the mortality associated with retrospectively documented infection due to 
P. aeruginosa. Although, it was unclear which of the empiric approach or effective 
combination played the more important role, the concept of empiric therapy was 
very widely accepted, without any further controlled investigation. Of course, the 
early (empiric) use of antibiotics for fever in neutropenic patients makes the 
microbiological documentation of infection more difficult. In 1664 cases of febrile 
neutropenia, microbiological documentation was obtained in about 25% of the 
febrile patients, usually through positive blood cultures, but as many as 40% pa- 
tients remained without any microbiological and/or clinical documentation of 
infection. The respective response rates to empiric therapy in these two groups 
of neutropenic patients was 38% and 57%. 

The value of synergistic antibiotic combinations for the treatment of gram- 
negative bacillary bacteraemia in neutropenic patients has been demonstrated by 
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Klastersky et al. in a series of studies culminating in the lATCG-EORTC clinical 
comparative trial IV that showed that a full course of ceftazidime + amikacin is 
superior to a regimen in which amikacin was discontinued early. In that study the 
overall mortality rate in patients with acute leukaemia and gram-negative bacil- 
lary bacteraemia who received the optimal therapy was 17% (definite infectious 
mortality was 8%), a dramatic difference from the 91% figure reported 25 years 
earlier. Besides providing the benefit of synergism, aminoglycoside-containing 
combinations have the advantage of not leaving untreated a patient whose patho- 
gen would be resistant to beta-lactams. In lATCG-EORTC trial I the combination 
of carbenicillin + gentamicin was superior to carbenicillin + cephalothin because 
infections caused by micro-organisms resistant to both beta-lactams responded 
poorly; actually, most patients infected with doubly resistant strains died. In 
lATCG-EORTC trial III infections caused by beta-lactam resistant and amino- 
glycoside-sensitive organisms did not have higher mortality, than those due to 
fully sensitive pathogens, although their response rate to empiric therapy was 
significantly lower. These observations suggest that the inclusion of the amino- 
glycoside into the empiric combination might “buy time” and allow for antibiotic 
adjustment according to microbiological documentation. Of course the more 
frequent use of an aminoglycoside can lead to a greater toxicity and requires the 
monitoring of blood concentrations; however, since the value of synergistic 
aminoglycoside-containing combinations has been demonstrated only in patients 
with persistently profound granulocytopenia and presenting gram-negative bac- 
illary bacteraemia - conditions found in only 75/2356 (3.2%) patients included in 
the last three lATCG-EORTC trials - empiric aminoglycosides can be discontin- 
ued early in all other patients. 

During the past decade there has been a gradual replacement of gram-nega- 
tive bacilli by gram-positive cocci as the cause of microbiologically documented 
infections complicating febrile neutropenia. As indicated in Table 1, summarising 
the blood cultures data from seven consecutive lATCG-EORTC trials, gram-posi- 
tive micro-organisms (mainly Staphylococcus epidermidis and various strains of 
streptococci) represent now 70% of the bacteraemic isolates. That trend has been 
observed universally. In addition, new pathogens have emerged in neutropenic 
patients, but at a slower pace than in AIDS patients, and resistant pathogens have 
become more common. The resistance is either intrinsic, such as the resistance 
of C. krusei to imidazoles, or can be acquired, as examplified by recent outbreaks 
of vancomycin-resistant enterococci, in patients treated previously with cephalo- 
sporins or vancomycin. A constant epidemiological surveillance is thus necessary 
in patients with compromised defences in order to detect the emergence of rare 
and/or resistant pathogens. 

The question of whether the emerging gram-positives should be fully covered 
by empiric therapy is still unsettled. Most studies of early coverage of gram-posi- 
tive infections used vancomycin or teicoplanin because only these antibiotics are 
effective against all the potential gram-positive pathogens. These early studies 
showed the superiority of vancomycin-containing regimens. However, other 
authors claim that infections caused by 5. epidermidis are quite indolent and carry 
a very low mortality rate; thus, these infections whould not require empiric 
therapy prior to microbiological documentation. On the other hand, streptococ- 
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Table 1. Single-organism bacteraemia in EORTC-IATCG Trials 





I 

(1973- 

1978) 


II 

(1978- 

1980) 


III 

(1980- 

1983) 


IV 

(1983- 

1986) 


V 

(1986- 

1988) 


VIII 

(1989- 

1991) 


IX 

(1992- 

1994) 


Single-organism 
Bacteraemias/ 
febrile episodes 


145/453 

(32%) 


115/419 

(27%) 


141/582 

(24%) 


219/872 

(25%) 


213/749 

(28%) 


151/694 

(22%) 


161/706 

(22%) 


Gram-negative 


Bacteraemias 


103 


74 


85 


129 


78 


47 


53 




(71%) 


(64%) 


(59%) 


(59%) 


(37%) 


(31%) 


(33%) 


E. coli 


46 


33 


38 


63 


45 


20 


22 


P. aeruginosa 


18 


18 


23 


34 


14 


10 


10 


Gram-positive 


Bacteraemias 


42 


37 


58 


90 


135 


104 


108 




(29%) 


(36%) 


(41%) 


(41%) 


(63%) 


(69%) 


(67%) 


S. aureus 


28 


10 


14 


26 


20 


13 


10 


S. coagulase-negative 


5 


9 


24 


21 


49 


39 


53 


S. pneumoniae 


5 


6 


4 


6 


4 


3 


0 


Other streptococci 


0 


0 


14 


35 


46 


45 


40 


Other gram-positive 


4 


12 


2 


3 


16 


4 


5 



cal infections, in neutropenic patients, can be associated with high morbidity and 
significant mortality rate (± 20%); therefore they should be adequately covered 
empirically, at least in hospitals where these streptococcal infections in neutro- 
penic patients are common. 

In some centres the problem of streptococcal infections, namely in bone mar- 
row transplanted patients, has been solved by the pre-emptive use of vancomy- 
cin. However, to avoid excessive use of glycopeptides, which can lead to the emer- 
gence of resistance to vancomycin, a resistance that might be passed to other 
bacterial species, namely staphylococci, other approaches have been used. Among 
them the administration as a first line therapy of piperacillin-tazobactam in com- 
bination with amikacin provides a good efficacy against most species of strepto- 
cocci and a valid coverage of most of the gram-negatives. With such an empiric 
regimen 5. epidermidis is not covered, but as it causes rather indolent infections, 
vancomycin or teicoplanin can be added at the time of microbiolocal documen- 
tation. This approach avoids the empiric use of vancomycin or teicoplanin in most 
patients and might help in keeping the emergence of vancomycin resistant micro- 
organisms at a low level. 

The concept of modifying the initial regimen to secure optimal success, the 
so-called “success with modification” was introduced by Pizzo et al. That study also 
introduced the concept of monotherapy for febrile neutropenia. In that early study, 
comparing ceftazidime to a combination of carbenicillin + cephalothin + gen- 
tamicin, the success of initial empiric therapy was 64% and modifications led to 
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an eventual success in another 31%, making the overall success rate 95%. In a more 
recent study from the same institution comparing ceftazidime and imipenem the 
initial response rate was only 39%; however, after modification the overall re- 
sponse rate 100%. As in the first study, the patient population was quite favour- 
able; the mean duration of neutropenia was 8 days, the incidence of bacteraemia 
was only 12% (2 gram-positive for 1 gram-negative), and the proportion of 
leukaemic patients was not stated (44% of leukaemia and lymphoma patients). 

These favourable characteristics might explain the efficacy of monotherapy. 
However, in another recent study, with a majority of patients with haematological 
malignancies, and which was a comparative trial of empiric therapy with a 
monotherapy (ceftazidime) or a combination (piperacillin + tobramycin), no 
difference was detected between monotherapy and the combination. In this trial 
study patients with leukaemia and/or bone marrow transplants were randomised 
separately to piperacillin + tobramycin or ceftazidime from patients with lym- 
phomas or solid tumours; the overall response rate to unmodified therapy was 
182/593 (31%) among the patients with leukaemia or transplantation and 62/129 
(48%) in the lymphoma or solid tumour group. 

Still another recent study, conducted by the lATCG-EORTC, compared mero- 
penem to ceftazidime + amikacin. Overall response rates were seen in 270/483 
(56%) and 245/475 (52%), respectively. The response rates for gram-negative 
bacteraemias were respectively 70% and 54%; for gram-positive bacteraemias, the 
figures were 31% and 26%. The infection related mortality was 2% and the super- 
infection rate 12% in both groups. A glycopeptide was added empirically in 33% 
of the meropenem-treated patients and in 38% of these who received ceftazidime 
+ amikacin. Amphotericin B was added empirically in 23% and 25% of the patients, 
respectively. 

Cefepime is a new cephalosporin with broad spectrum against gram-negative 
bacilli and gram-positive organisms, including viridans streptococci and methicil- 
lin-sensitive staphylococci, which is suitable for empiric use as a monotherapy for 
febrile episodes in neutropenic patients. Ramphal et al. reported recently a compari- 
son between cefepime, ceftazidime and the combination mezlocillin + gentamicin 
in febrile neutropenic patients. The overall response rate was 109/189 (57%) for 
cefepime, 62/122 (51%) for ceftazidime and 42/72 (58%) for the combination. The 
respective response rates for cefepime, ceftazidime and the combination were 50%, 
32% and 8% for gram-positive infections and 56%, 46% and 87% for gram-nega- 
tive bacteraemias. The authors concluded that monotherapy with cefepime was as 
effective as ceftazidime for empiric therapy and could be used for the treatment of 
febrile episodes in neutropenic patients. The present experience with cefepime in 
comparison with ceftazidime is shown in Table 2; if the overall response rates are 
similar, there is a superiority of cefepime in gram-positive infection. 

The overall success of monotherapy reported in recent studies may to some 
extent be the consequence of the microbiological changes mentioned above, 
namely the increasing number of infections caused by gram-positive pathogens, 
which are associated with much lower morbidity and mortality than is gram- 
negative sepsis. Moreover, the dilemma between monotherapy or combination 
therapy for empiric management of febrile neutropenia should not be seen as 
conflictual issue, but these two options should rather be considered as two com- 
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Table 2. Efficacy of cefepime and ceftazidime 
found persistent neutropenia in 40 %) 


in febrile neutropenia: 834 patients, with pro- 




Cefepime 


Ceftazidime 


Overall 


53 


55 


All MDI (33 %) 


47 


46 


Gram-positive 


41 (16/35) 


26 (10/34) 


Gram-negative 


55 (10/18) 


76 (15/19) 



MDI, Microbiologically documented infections 



plementary possibilities. Many episodes of febrile neutropenia occur in solid 
tumour patients having been treated with moderately aggressive chemotherapy; 
in these patients the neutropenia is usually not severe nor protracted. These 
patients often go through the febrile neutropenia without having any microbio- 
logical or clinical documentation of infection, and their response to empiric an- 
timicrobial therapy is excellent. There is no question that in such patients single- 
drug therapy with a broad spectrum agent (cefepime, ceftazidime, imipenem or 
meropenem) is adequate, provided modifications of the initial regimen are made 
according to clinical and microbiological data. 

This may not be true in patients with critical febrile neutropenia: those with 
severe neutropenia thought to last for a long time, usually within the framework 
of a neoplastic haematological disorder. Although there are some indications that 
monotherapy might be sufficient under these circumstances, there are also indi- 
cations that gram-negative and streptococcal sepsis require optimal empiric cov- 
erage at an early stage. Therefore in these patients a combination regimen seems 
to be advisable to start with. The choice of the beta-lactam depends on the seri- 
ousness of the streptococcal problem in a given institution. As far as the amino- 
glycosides are concerned, it is clear that they can be discontinuated early if gram- 
negative bacillary bacteraemia is not demonstrated within 2-3 days after the onset 
of fever. 

It would be desirable to confirm by prospective clinical studies whether em- 
piric therapy can be tailored according to the clinical characteristics of febrile 
neutropenia since modifications of the initial empiric regimen will be needed in 
a substantial proportion of the patients; here too, a prospective investigations of 
the adaptation of empiric therapy are highly desirable in order to make the gen- 
eral approach more rational, easier, simplier, safer and cheaper. 

Febrile neutropenia has been a changing syndrome over the last 20 years. The 
perspectives and goals that we face today are mainly the constant adaptation of 
antibacterial prophylactic and therapeutic regimens to the emergence of resist- 
ant strains; the definition of prognostic factors influencing the outcome of febrile 
neutropenia; the introduction of pragmatic algorithms for adaptation of therapy, 
and ambulatory and/or home therapy for certain categories of patients; the defi- 
nition of indications for the use of cytokines to restore earlier bone marrow func- 
tion and to help with home management of febrile neutropenia, and, finally, the 
recognition of risk factors for fungal infections and the improvement of our 
diagnostic and therapeutic strategic. 
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The Changing Spectrum of Bacterial Infections in 
Febrile Neutropenic Patients 

K. V. I. Rolston, I. Raad, E. Whimbey, and G. R Bodey 



Bacterial infections continue to be an important cause of morbidity and mortal- 
ity in febrile neutropenic patients, although fungal, and viral infections have been 
recognized with increasing frequency. Several important changes related to the 
nature of bacterial infections have occurred over the past two or three decades; 
these include changes in the spectrum of infections caused by both gram-posi- 
tive and gram-negative organisms and changes in the antimicrobial susceptibil- 
ity of the isolates, leading to the emergence of several multidrug resistant organ- 
isms. At the Unversity of Texas, M.D. Anderson Cancer Center we have 
documented the shift in the pattern of infection by examining the distribution 
of bacterial isolates from patients entered onto prospective randomized trials of 
empiric antibiotic therapy in febrile neutropenic patients. As single organisms, 
gram-positive infections accounted for 21% of all bacterial infections in the mid- 
1970s. The frequency of single-organism gram-negative infections was 63% and 
polymicrobial infections accounted for about 13%, with gram-negatives being iso- 
lated in approximately 80% of polymicrobial infections. By the mid-1980s, this pre- 
dominance of gram-negative organisms had been reversed. Gram-positive isolates 
then accounted for approximately half of our bacterial infections and single- 
organism gram-negative isolates for about a third; there was an increase in 
polymicrobial infections. This trend has continued well into the 1990s 
(Table 1). 



Table 1. Distribution of bacterial infection in 3090 febrile episodes in neutropenic cancer 
patients 



Type of infection 


1975- 


■1977 


1986- 


■1989 


1990- 


1993 




episodes 


episodes 


episodes 




n 


% 


n 


% 


n 


% 


Fever of unknown origin 


481 


47 


644 


53 


482 


58 


Clinically documented 


227 


22 


248 


20 


149 


17 


Microbiol documented 


318 


31 


334 


27 


207 


25 


Gram-positive 


65 


21 


170 


51 


100 


48* 


Gram-negative 


201 


63 


no 


33 


56 


27^ 


Polymicrobial 


42 


13 


52 


16 


51 


25 


Anaerobes 


10 


3 


2 


0.59 


— 


— 



< 0 . 001 . 
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Concentrating on gram-positive isolates alone, certain striking changes are 
apparent as well. There has been a substantial increase in the overall isolation rates 
of coagulase-negative staphylococci, from 37% to 55%, and a substantial decrease 
in the isolation rate of Staphylococcus aureus from 40% to 9%. All alpha-hemolytic 
or viridans streptococci and the enterococci are being isolated at rates compara- 
ble to those in the mid-1980s. Collectively these organisms accounted for more 
than 90% of the gram-positive isolates in the 1980s, but now they account for 
about 80%. When identified down to species level, we found out that among co- 
agulase-negative staphylococci isolates, 70% are 5. epidermidis, and 30% are other 
species, including S. hemolyticuSy which are often susceptible only to the glyco- 
peptides such as vancomycin and teicoplanin and occasionally are resistant even 
to these agents. Enterococcus faecalis remain the predominant enterococcus spe- 
cies isolated from our patients, and fortunately fewer than 1% are currently found 
to be vancomycin resistant. 

Of our current gram-positive isolates 20% are organisms that were extremely 
infrequent in earlier years. There have been substantial increases in the isola- 
tion rates of Corynebacterium jeikeium from just over 3% to around 9% and of 
Bacillus species from 0.6% to 5.5%. All other rather uncommon organisms such 
as LeuconostoCy RhodococcuSy and Pediococcus species are being isolated with 
greater frequency than in. 1970s and 1980s. Leuconostoc and Pediococcus spe- 
cies are resistant to vancomycin; some of our Rhodococcus species are resist- 
ant as well. Streptococcus species such as the hemolytic streptococci, S. pneu- 
moniae and also Bacillus species have not shown significant changes in isolation 
rates and have remained relatively constant. The primary reason for the 
reemergence of gram-positive organisms is the tremendous increase in the use 
of vascular access devices and the use of broad prophylactic and therapeutic 
antimicrobial regimens directed to gram-negative bacilli, with various other 
contributing factors as well. 

Because of the reemergence of gram-positive organisms as the predominant 
pathogens in our patients there has been a substantially increased usage of drugs 
such as vancomycin. Comparative in vitro data have shown substantial changes 
in the susceptibility of many gram-positive organisms to vancomycin, currently 
considered the agent of choice for the treatment of these infections. In the early 
1980s all our gram-positive isolates with the exception of a few enterococcus iso- 
lates were inhibited by 1.0 mg/ml of vancomycin or less. More recent isolates from 
1990 have shown major change of vancomycin against the isolates both in its abil- 
ity to inhibit the growth of such organisms and its bactericidal activity, repre- 
sented here by the 90% minimal inhibitory concentration (MIC^J and 90% mini- 
mal bactericidal concentration (MBC Table 2). 

Tolerance to vancomycin (MBC 32-iold the MIC) is now widespread among the 
isolates and also there is concern with the fact that up to 30% of our alpha- 
hemolytic streptococci are now penicillin resistant. Newer syndromes caused by 
gram-positives have also been recently emerging. For example, the so-called toxic 
streptococcal syndrome, caused by alpha-hemolytic streptococci which is char- 
acterized by the presence of shock, multiple organ system involvement, and mas- 
sive desquamation of skin. The mortality associated with this syndrome is in the 
range of 30%-40%. 
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Table 2. Senstivity of gram-positive bacteria to vancomycin 


Organism 


Vancomycin 


Susceptibility (pg/ml) 




(MIC^) 




Enterococcus faecalis 


4.0 


>64.0 


Enterococcus faecium 


4.0 


>64.0 


Staphylococcus epidermidis 


4.0 


>64.0 


Staphylococcus haemolyticus 


8.0 


>64.0 


Listeria monocytogenes 


0.5 


>64.0 


Streptococcus pyogenes 


1.0 


32.0 


Viridans streptococci 


1.0 


32.0 



There has been a substantial change in the pattern of infection caused by gram- 
negative bacilli in febrile neutropenic patients at our institution as well. Enteric 
gram-negative bacilli have been the predominant pathogens in such patients for 
number of years, with Escherichia coli, Klebsiella pneumoniae, and Pseudomonas 
aeruginosa being the three dominant ones. Although gram-negatives are being 
isolated less frequently overall, several opportunistic gram-negative bacilli have 
emerged as significant pathogens. These include Acinetobacter spp., Alcaligenes 
spp., Citrobacter spp.,Enterobacter spp,, Flavimonas oryzihabitans,Flavobacterium 
meningosepticum, Stenotrophomonas maltophilia, and nonaeruginosa Pseu- 
domonas spp. Many of these organisms are now resistant to commonly used 
antibiotics including the aminoglycosides, extended-spectrum cephalo- 
sporins, antipseudomonal penicillins, and occasionally to the carbapenems and 
quinolones. 

Of particular importance with regard to antimicrobial resistance are 
S, maltophilia (often susceptible only to trimethoprim/sulfamethoxazole (TMP/ 
SMX) and occasionally resistant to all antimicrobial agents), Alcaligenes spp. 
(often susceptible only to imipenem and TMP/SMX), Citrobacter freundii, Entero- 
bacter cloacae, and Flavobacterium meningosepticum.We have recently tested 605 
gram-negative bacilli isolated from cancer patients against eight commonly used 
antibiotics at our institution. The results in terms of overall and percentage re- 
sistance are shown below (Table 3). 



Table 3. Resistance to antimicrobial agents among gram-negative bacilli 



Antimicrobial agent 


No. Resistant 


% resistant 


Aztreonam 


95 


16 


Amikacin 


62 


10 


Ceftazidime 


57 


9 


Cefepime 


27 


5 


Imipenem’^ 


51 


8 


Ciprofloxacin’^ 


44 


7 


Ofloxacin 


76 


13 


TMP/SMX 


122 


20 



< 0 . 001 . 
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Overall, the level of resistance was greatest for TMP/SMX, aztreonam and 
ofloxaxin, and least for cefepime, ciprofloxacin, and imipenem. 

Since increasing number of infections are being caused by multidrug-resist- 
ant gram-negative bacilli, measures to prevent their spread need to be instituted. 
These include (a) appropriate surveillance monitoring to detect changes in a 
timely manner, (b) infection-control measures to reduce intrahospital spread, and 
(c) optimal antibiotic usage for prophylaxis and therapy (including appropriate 
duration of therapy). 

In summary, gram-positive organisms now account for approximately 50% of 
the bacterial infections in our febrile neutropenic patients. Uncommon and 
resistant pathogens are becoming more frequent, and new life-threatening syn- 
dromes are being recognized; these trends are of great concern because of lim- 
ited therapeutic options. Newer, multidrug-resistant gram-negative pathogens 
have also increased substantially in frequency and are requiring the development 
of new strategies for infection prevention, therapy, and for reducing the emergence 
of resistance. 
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Susceptibility of Streptococci Isolated from Blood of 
Neutropenic Patients to 1 1 Antibiotics 

D. PiERARD, A. De Meyer, and S. Lauwers 



This chapter presents the results of a study on the susceptibility of streptococci 
isolated from the blood of neutropenic patients in a hematologic unit. The inci- 
dence of gram-positive bacteria mediated infection is increasing; in particular the 
morbidity and the mortality of streptococcal bacteremia is quite high, in part due 
to the development of adult respiratory disease syndrome. Possible reasons for 
this increase include the use of quinolones and the higher occurrence of mucositis 
related to more aggressive therapy and to viral infections. The purpose of this 
study was to test streptococcal blood isolates from our neutropenic patients 
against antibiotics that could be used for prophylaxis and empiric therapy. 

We tested 56 unduplicated streptococcal blood isolates from our neutropenic 
patients collected between 1986 and 1992. The majority of these strains were 
alpha-hemolytic streptococci, the most frequently isolated species was Strepto- 
coccus mitis (43 isolates); there were also five 5 . sanguis, and five isolates could 
not be fully identified. We used a standard broth microdilution technique follow- 
ing the recommendation of the National Committee for Clinical Laboratory 
Standards (Table 1). 



Table 1. Susceptibility of streptococci to 11 antibiotics 





Range 


MIC, 


MIC, 


R(%) 


R+I (%) 


Penicillin 


0.008-4 


0.06 


2 


9 


25 


Cefotaxime 


0.008-4 


0.12 


2 


0 


0 


Ceftriaxone 


0.008-4 


0.12 


1 


0 


0 


Ceftazidime 


0.016-64 


2 


32 


11 


21 


Cefepime 


0.016-8 


0.12 


2 


0 


0 


Imipenem 


0.008-2 


0.03 


1 


0 


0 


Meropenem 


0.008-2 


0.03 


2 


0 


0 


Vancomycin 


0.12 -0.5 


0.25 


0.5 


0 


0 


Teicoplanin 


0.008-0.12 


0.03 


0.12 


0 


0 


Norfloxacin 


4-64 


16 


32 


74 


94 


Fusidic acid 


0.25 ->64 


32 


32 


98 


98 



Ceftazidime proved in vitro the least active cephalosporin on streptococcal blood 
isolates from our neutropenic patients. The glycopeptides remain very active 
against these streptococci, but their use should be restricted to therapy of docu- 
mented infections in order to avoid the selection of glycopeptide-resistant gram- 
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positive organisms. The majority of the isolates are resistant to norfloxacin, which 
has been used as a quinolone prophylaxis in our patients. Prophylaxis with peni- 
cillin or fusidic acid should not be considered due to the high resistance rates. 



Recommended Reading 

Bochud PY, Calandra T, Francioli P (1994) Bacteremia due to viridans streptococci in neutropenic 
patients: a review. Am J Med 97:256-264 

Pierard D, De Meyer A, Lauwers D (1994) Antibiotic susceptibility of streptococci isolated from blood 
from neutropenic patients. Pathol Biol 42:471-474 



Emerging Antibiotic Resistance in Bacterial Pathogens 
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Fifty years ago the introduction of penicillin, followed by many other antibacte- 
rial agents, represented an often underestimated medical revolution. Indeed, until 
that time bacterial infections were the prime cause of mortality, especially in chil- 
dren and elderly patients. The discovery of numerous new substances and their 
development on an industrial scale comforted us with the illusion that bacterial 
infections were under control. However, the widespread and sometimes uncon- 
trolled usage of these agents has led to the selection of bacteria resistant to prac- 
tically all available antibiotics. Bacteria use three main resistance strategies (see 
Table i): 

1. modification of their permeability and drug accumulation, 

2. modification of antimicrobial targets, and 

3. modification-inactivation of the antibiotic. 



Table. 1. Bacterial resistance strategies 





Alteration of 
permeability 


Alteration 
of target 


Alteration 
of antibiotic 




Decrease 


Active 

efflux 


Modifi- Over 

cation production 


Modification/ 

inactivation 


Beta-lactams 


+ 


- 


+ 


+ 


Aminoglycosides 


+ 


- 


+ 


+ 


Sulfamides/ 

trimethroprim 


+ 


- 


+ + 


- 


Erythromycin/ 

lincosamides/ 

streptogramins 


+ 


+ 


+ 


-H 


Tetracyclines 


- 


+ 


+ 


+ 


Chloramphenicol 


+ 


- 


- 


+ 


Quinolones 


+ 


+ 


+ 


- 


Glycopeptides 


- 


- 


+ 


- 



+, a resistance mechanism has been demonstrated for the given group of antibiotics; no 
resistance mechanism has been demonstrated, but does not exclude its existence. 
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Bacteria modify their permeability either by becoming impermeable to antibiotics 
or by actively excreting the drug accumulated in the cell. As an alternative they 
can modify the structure of the antibiotic's molecular target - usually an essen- 
tial component or metabolic enzyme of the organism - and thus escape the toxic 
effect of the drug. Lastly, they can produce enzymes capable of modifying and 
directly inactivating the antibiotics. 

Gram-negative bacteria can decrease the passage of antibiotics through their 
lipid bilayer outer membrane by altering the nature or number of hydrophilic 
protein pores (porins) which span the outermost bacterial envelope. Gram-posi- 
tive bacteria lack an outer membrane but may produce large amounts of poly- 
anionic polysaccharides which interfere with the diffusion of lipophilic or charged 
antibiotics. In addition, both types of organisms may alter drug accumulation 
either by decreasing antibiotic uptake at the level of the plasma membrane, as 
exemplified in certain gentamicin-resistant variants of Staphylococcus aureus, or 
by actively exporting the drug accumulated in the cytoplasm. Certain active 
export systems are relatively nonspecific - for example, the marRAB (multiple 
antibiotic resistant) locus in Escherichia coli - and can extrude several structur- 
ally unrelated compounds. Other systems are more specific and export substances 
such as heavy metals, tetracyclines, macrolides, and quinolones. Drug resistance 
due to active export systems also has an equivalent in eukariotic cells, as shown 
in certain “azole-resistant” Candida which overexpress a multidrug transporter 
encoded by the CDRi gene. Likewise, drug-resistant tumor cells may overexpress 
multidrug resistance genes (mdr) and actively export anticancer compounds. 
However, while prevention of drug accumulation is a widespread mechanism of 
resistance, it often does not confer very high resistance levels in bacteria. These 
micro-organisms generally prevent drug accumulation in conjunction with other 
resistance mechanisms, such as production of beta-lactamase for resistance to 
beta-lactams, and mutations in the DNA gyrase for resistance to quinolones. 
Combination of such mechanisms may very effectively protect bacteria from 
antibiotics. 

Target modification, on the other hand is extremely efficacious by itself and 
often produces high resistance levels. The simplest way for bacteria to modify a 
specific target of antibiotics is to acquire spontaneous chromosomal mutations 
affecting the drug affinity of the given molecular target without altering its physi- 
ological function in the bacterium. Spontaneous resistance mutations to rifampin 
and streptomycin occur at relatively high frequencies (io*^-io ®) and involve point 
mutations in either the rpoB gene, encoding the beta-subunit of the RNA polymer- 
ase for rifampin-resistance, or the rpsL gene, encoding a ribosomal protein for 
streptomycin resistance. Spontaneous chromosomal mutations are also involved 
in high resistance levels to quinolones, by specific mutations in the genes encod- 
ing the A and sometimes also the B subunits of the bacterial DNA gyrase. How- 
ever, quinolone resistance necessitates more than one mutation in the gyrase, and 
thus arises at much lower frequencies than rifampin or streptomycin resistance. 

A more sophisticated way for bacteria to modify their antibiotic targets is to 
find appropriate foreign DNA fragments in the environment that can adequately 
recombine with chromosomal genes to produce mosaic proteins with decreased 
antibiotic affinity. Typical examples of this mechanism are found in penicillin- 
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resistant pneumococci and meningococci which have used bits of foreign DNA 
to reshape their penicillin-binding proteins (PBPs), yielding stable penicillin- 
resistant recombinants carrying PBPs with low penicillin affinity. A further 
example of foreign DNA incorporation is the acquisition of a complete genetic 
determinant. Methicillin-resistant 5 . aureus (MRSA) has acquired the mecA gene 
(of unknown origin), which codes for a new, additional PBP (PBP2A) with low 
beta-lactam affinity. PBP2A is a cell wall building enzyme which can take over the 
assembly of peptidoglycan when the “normal” staphylococcal PBPs are blocked 
by beta-lactam drugs. As a result, PBP2A confers intrinsic resistance to virtually 
all beta-lactam antibiotics. 

Antibiotic targets can also be modified by appropriate enzymes which can be 
acquired by genetic exchanges. The most sophisticated target modification result- 
ing from such exchange is the recently described vancomycin resistance in ente- 
rococci. The socalled VanA resistance phenotype confers inducible resistance to 
both vancomycin and teicoplanin and is transferred by the conjugative transposon 
Tni546. The transposon carries a cluster of seven genes, of which five are required 
for expression of resistance. These genes coordinate a metabolic pathway which 
shunts the production of the D-Ala-D-Ala terminal of the normal peptidoglycan 
precursors and replaces it by a new D-Ala-D-lactate depsipeptide. Cell wall pre- 
cursors with D-Ala-D-Ala termini are the target of vancomycin, which avidly 
binds to these structures and blocks their incorporation in the nascent bacterial 
wall. In contrast, vancomycin does not bind to the modified precursors with 
D-Ala-D-lactate termini, which can still serve as a substrate for peptidoglycan 
assembly and thus ensure continuous cell wall synthesis. This complex genetic 
montage represents one of the most stunning resistance systems in a transferable 
element. More classical examples of target modification by the product of acquired 
genes include the product of the erythromycin resistance methylase (erm) gene, 
which methylates the 23S RNA of the 50S ribosomal subunit, thus decreasing the 
affinity of erythromycin (and other antibiotics of this family) for the ribosome. 
Likewise, the products of tetM and tetO confer resistance to tetracyline probably 
by direct modification of the ribosome. 

Finally, bacteria have also evolved systems to modify-inactivate harmful drugs. 
The best known of these systems is the production of beta-lactamase. These 
enzymes are structurally and functionally related to the cell wall building PBPs. 
However, while PBPs remain blocked for several hours after exposure to penicil- 
lin, beta-lactamases rapidly hydrolyze the drug, being ready to inactivate another 
antibiotic molecule. Production of beta-lactamase is one of the most powerful 
resistance mechanisms against beta-lactam drugs. In addition, accumulation of 
appropriate mutations can tailor existing beta-lactamases to hydrolyze virtually 
any available beta-lactam molecules, yielding the so-called extended-spectrum 
beta-lactamases. Other enzymatic systems capable of antibiotic modification 
include certain acetyl-, glycosyl- and phospho-transferases which inactivate 
aminoglycosides, chloramphenicol acetyl-transferase which inactivates chloram- 
phenicol, and also macrolide- and tetracycline-modifying enzymes. 

Thus, taken together, bacteria have proved unexpectedly ingenious in devel- 
oping mechanisms to resist antimicrobial agents. Such mechanisms can be utilized 
either alone or in combination, as exemplified by MRSA, which produces both 
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penicillinase to inactivate penicillins and low-affinity PBPiA, to escape inhibition 
by penicillinase-resistant beta-lactams. In addition, bacteria have also evolved 
sophisticated genetic transfer systems which enable them to share and exchange 
resistance determinants. Conjugative transposons, for instance, can collect “cas- 
settes” of resistance genes and transfer them en bloc to recipient bacteria. For 
example, Tni545 can transfer three resistance determinants (erythromycin, 
tetracycline and kanamycin) to a wide range of gram-positive and gram-nega- 
tive pathogens, including pneumococci and stapylococci. Treatment with one of 
these antibiotics selects for resistance to the two other compounds in parallel. 
There is theoretically no limit to the accumulation of resistance genes by this 
mechanism. Multiresistant MRSA and pneumococci are now invading the hos- 
pital environment and the community, leaving vancomycin as one of the last 
therapeutic alternatives in severe infections due to these organisms. In parallel, 
the recent appearance of vancomycin resistance in enterococci is carried by a 
transferable element (Tni546) which may eventually be passed to more patho- 
genic bacteria. Prevention of such a dreadful event necessitates the coordination 
of 

a) a proper policy for antibiotic usage, 

b) strict measures of infection control, and 

c) a prospective epidemiological follow up. 
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Cefepime versus Ceftazidime as Empiric Therapy of 
Febrile Episodes in Neutropenic Patients 

J. Breen, R. Ramphal, A. Cometta, B. Conetta, and C. Nicaise 



Introduction 

The last two decades have seen a number of changes in the medical management 
of neutropenic patients. The availability of new myelosuppressive chemothera- 
peutic agents, together with the increased use of both allogenic and autologous 
bone marrow transplantation (BMT), has resulted in a dramatic increase in the 
number of patients who are severely neutropenic. Similarly, the development of 
hematopoietic growth factors has allowed the use of more aggressive chemothera- 
peutic regimens. Therapeutic advances such as these have resulted in dramatic 
improvements in the outcome of many cancer patients. Today, cures can be 
expected for many patients with leukemia or lymphoma, and prolonged survival 
has been described for those diagnosed with a variety of solid tumors. The man- 
agement of the neutropenic period, which is usually associated with an increased 
risk of morbidity, has thus become increasingly important. 

Infectious complications are a major threat to neutropenic patients. While the 
risk of bacterial infection in these patients is probably of greatest immediate con- 
cern, both fungal and viral infections have become an increasingly serious prob- 
lem. The various risk factors for infection in the neutropenic period have been 
well characterized in a number of historic epidemiologic observations. The depth 
and duration of neutropenia is the most important risk factor, with an absolute 
neutrophil count (ANC) of less than loo cells/ pi presenting the greatest risk [i]. 
The subject's underlying cancer, along with the type and intensity of treatment 
for that cancer, influence both the risk of infection and the spectrum of infecting 
organisms. Patients with leukemia usually have the highest rate of bacterial 
infection [2]. For some patients with leukemia or lymphoma, as well as for a 
selected group of patients with solid tumors, BMT has become a viable treatment 
option [3]. The neutropenia that follows BMT is usually severe and lasts 3-4 weeks 
[4, 5] . The number of patients undergoing this procedure is growing rapidly; it is 
estimated that more than 15 000 transplants are performed per year. 

Focal signs of infection are frequently absent in the neutropenic patient popu- 
lation; fever may represent the earliest, and sometimes the only, sign of infection. 
In the late 1960s and early 1970s the majority of cases of fever in patients with 
neutropenia could be attributed to a microbiologically or clinically defined 
infection [6]. Over the course of the last two decades there has been an evolution 
in the trends of infection in this subject population. In the 1970s infections caused 
by gram-negative pathogens such dis Escherichia coli, Klebsiella pneumoninaeydind 
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Pseudomonas aeruginosa predominated [7, 8]. Since the 1980s infections caused 
by gram-positive organisms have become more prevalent, particularly those due 
to Staphylococcus aureus, coagulase-negative staphylococci, and viridans strep- 
tococci [9, 10] . Interestingly, as the prompt initiation of therapy has become more 
routine, the likelihood of a definitive microbiologic diagnosis has decreased; the 
cause of fever may not be identified in as many as 70% of patients [11]. The 
increased use of broad-spectrum prophylactic antibiotics, targeted against a 
variety of bacterial, fungal, and viral pathogens, may also contribute to this phe- 
nomenon. The initiation of empiric antibiotic therapy is the cornerstone in the 
management of febrile episodes in neutropenic patients. It is well recognized that 
the prompt initiation of empiric antibiotics significantly reduces the morbidity 
and mortality associated with untreated infections in these patients [12]. 

The choice of empiric antibiotic regimens has evolved as well. Early studies 
demonstrated the utility of a combination of a p-lactam and an aminoglycoside 
[13, 14] . Such regimens, which have been well studied both in the United States and 
in Europe, have been effective at eradicating the spectrum of gram-negative patho- 
gens that predominated at the time the studies were conducted. In recent years 
the changing epidemiology of these infections, together with the advent of new 
antibiotics, has prompted the evaluation of different empiric regimens. Mono- 
therapy with a broad-spectrum agent, for example, has proved to be an effective 
alternative to combination therapy [15-18]. 

Cefepime is a new injectable cephalosporin developed by Bristol-Myers Squibb. 
Its activity encompasses a broad range of gram-positive and gram-negative bacte- 
ria, including S. aureus, R aeruginosa, and the Enterobacteriaceae [19]. Other inter- 
esting characteristics of cefepime are its low affinity for chromosomal p-lactamases, 
its rapid penetration through the bacterial cell wall, and its affinity for penicillin- 
binding proteins [20] . The activity of cefepime has been demonstrated clinically in 
a number of indications that include pneumonia, complicated and uncomplicated 
urinary tract infections, skin and soft tissue infections, as well as bacteremia asso- 
ciated with these infections. Activity against these infections, together with its 
excellent safety profile, suggests that cefepime would be an appropriate choice for 
the empiric treatment of fever in neutropenic patients. 



Material and Methods 

Three trials comparing cefepime to ceftazidime were conducted at a total of 28 
centers, 13 in the United States and 15 in Europe. The first study was an open 
randomized trial which accrued 90 patients who were treated for a total of 104 
febrile episodes. The second study was a large randomized study conducted at 15 
centers in Europe; 221 patients were treated for 324 febrile episodes. The last study, 
a double-blind randomized trial conducted in the United States, enrolled 276 
patients treated for 315 febrile episodes. The design and conduct of these three 
studies were largely comparable; all data were therefore pooled for a meta-analysis 
including all 647 patients. All definitions and assessments presented in this analy- 
sis are in accordance with the guidelines published by the Immunocompromised 
Host Society (IHS) and the Infectious Diseases Society of America (IDSA). 
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Patient eligibility 

Adult patients i8 years of age or older were eligible if they became febrile during 
a neutropenic episode. Fever was defined as a single temperature greater than 
38.3°C, or as two or more measurements between 38.1° C and 38.3° C occurring 
over a 12-h period. Neutropenia was defined as an ANC below 500 cells/pl; patients 
with counts expected to drop below this level could also be enrolled. Neutrope- 
nia had to be related to an underlying malignancy or its treatment (chemotherapy 
and/or radiation therapy) or to bone marrow transplantation. Patients with neu- 
tropenia in the setting of hematologic disorders such as myelodysplasia were also 
eligible. All patients were informed of the investigative nature of the study before 
providing informed consent. Trials were conducted in accordance with the Dec- 
laration of Helsinki and all applicable national and local ethical requirements. 



Clinical and Laboratory Evaluation 

A complete history, physical examination, and routine chest X-ray, were performed 
on all patients prior to initiating study antibiotics. Laboratory examinations 
included a hematologic profile (white blood cell count with differential, hemo- 
globin and platelets), liver function tests (alkaline phosphatase, SCOT, SGPT, total 
bilirubin), renal function tests (BUN and serum creatinine), and electrolytes (so- 
dium, potassium, calcium, and phosphorus). The initial microbiologic evaluation 
included two sets of blood cultures, a urine culture, and cultures of any potential 
site(s) of infection. All isolated bacteria were speciated and antibiotic suscepti- 
bility testing was performed using the Kirby-Bauer method or the equivalent MIC 
methods recommended by the National Committee for Clinical Laboratory Stand- 
ards. Clinical and laboratory evaluations were repeated during the study and at 
the end of the antibiotic therapy. Follow-up was required, usually 5-7 days after 
the last dose of either cefepime or ceftazidime. 



Classification of Febrile Episodes 

Patients were classified as having one of four different diagnoses: 

a) microbiologically documented infection (MDI), 

b) clinically documented infection (CDI), 

c) fever of unknown origin (FUO), or 

d) noninfectious fever. 

Evaluation of Response 

Patients were evaluated after 72-96 h for early response, at the end of antibiotic 
administration, and during poststudy follow-up. A response was considered a 
success if both fever and any clinical signs of infection resolved, and the infect- 
ing organism, whenever isolated, was eradicated without a change in study 
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therapy. A response was to have been maintained for 5-7 days following comple- 
tion of the initial antibiotic regimen. A failure was defined as no response to the 
empiric regimen and included the development of complications such as septic 
shock, adult respiratory distress syndrome, disseminated intravascular coagula- 
tion, or multiple organ failure. The persistence of fever for at least 96 h, persist- 
ent bacteremia (greater than 24 h on study therapy), or recurrent or breakthrough 
bacteremia also qualified as a treatment failure. Other criteria for failure included 
progression of primary infection, isolation of a pathogen resistant to study 
therapy, any death due to the primary infection, and any relapse of the primary 
infection during the immediate posttreatment period (within 7 days). 



Therapeutic Regimens 

In all three studies patients received either cefepime or ceftazidime, both of which 
were administered intravenously at a dose of 2 g every 8 h. Doses were adjusted 
for renal dysfunction according to the manufacturer's recommendation. 



Duration ofTherapy 

Patients were to be treated for a minimum of 4 days after the resolution of fever 
(temperature < 38° C) and/or resolution of neutropenia (ANC > 500 cells/pl). 



New Infections and Death 

A new infection was defined as any infection, either clinically or microbiologically 
documented, for which the onset of signs and symptoms occurred during study 
therapy or during the follow-up period. Causes of death were classified as related 
to the infection (primary or secondary infection) or to the underlying disease. 



Analysis 

Data from these three studies were reviewed by an independent consultant who 
assessed each case for eligibility, evaluability, and response; the consultant was 
blinded to the assigned treatment. All data were entered and analyzed by Bris- 
tol-Myers Squibb Biostatistics and Data Management personnel. 

Patients were considered unevaluable for our primary analysis in the follow- 
ing situations: 

a) initial infection caused by a virus, fungus, parasite, or mycobacterium; 

b) a noninfectious cause of fever; 

c) early discontinuation of therapy, i.e., prior to the end of the third day of treat- 
ment, for any cause other than treatment failure; 

d) absence of fever or neutropenia as previously defined; 
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e) a major protocol violation, such as the addition of a concomitant antimicro- 
bial when not clinically justified; 

f) being randomized but not treated; and 

g) receiving pretreatment antibiotic for an established infection in the 3 days prior 
to randomization. 

Comparability of the treatment groups was assessed using the Cochran-Mantel- 
Haenszel test for categorical data in a two way analysis of variants based on rank 
for continuous variables. Both tests adjusted for protocol. A stepwise logistic 
regression model was also used to identify independent prognostic factors. Prog- 
nostic factors included in this model were the protocol, the classification of 
infection, the underlying disease, the severity and duration of neutropenia, the 
use of hematopoietic growth factors, and a history of undergoing a bone marrow 
transplantation. In the outcome evaluation a 95% confidence interval around the 
difference in success rate was also constructed. 

Results 

A total of 647 adult patients were accrued in these three studies; 327 received 
cefepime and 320 received ceftazidime. At entry the two treatment groups were 



Table 1. Pretreatment characteristics 



Cefepime (n=327) Ceftazidime (n=320) 

n % n % 



Age 



Median 


52 


— 


53 


— 


Range 


18-88 


— 


16-84 


— 


Sex (male/female) 


176/151 


— 


180/140 


— 


Underlying cancer 


Leukemia 


136 


42 


129 


40 


Lymphoma/myeloma 


82 


25 


83 


26 


Solid tumors 


105 


32 


94 


29 


Other 


4 


1 


14 


4 


Bone marrow transplantation 


28 


9 


33 


10 


Baseline neutrophil count < 100/pl 


175 


56 


157 


51 


Neutrophil nadir < 100/pl 


239 


73 


226 


71 


Days of neutropenia (< 500 pi) 


Median 


7 


— 


7 


— 


Range 


0-56 


— 


0-44 


— 


Antibacterial prophylaxis 


108 


33 


110 


34 


Quinolones 


67 


20 


65 


20 


Trimethoprim/sulfamethoxazole 


25 


8 


26 


8 


Other 


46 


14 


47 


15 


Antifungal prophylaxis 


74 


23 


77 


24 


Antiviral prophylaxis 


52 


16 


67 


21 
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well balanced for all prognostic factors (Table i). About two-thirds of the patients 
had an underlying hematologic malignancy, primarily leukemia. Severe neutro- 
penia, defined as an ANC <100 cells/pl, was documented in over half of the pa- 
tients at entry and in over 70% of patients during treatment. The duration of neu- 
tropenia was similar in the two groups. One-third of the patients received some 
form of antimicrobial prophylaxis; quinolones were the agents most frequently 
administered. The prophylactic use of antifungals and antivirals was similar in 
both treatment groups. 



Treatment 

The median duration of therapy was 7 days for both cefepime and ceftazidime 
(Table 2). A prolonged duration of antibiotic therapy was usually related to pro- 
longed episodes of neutropenia. Modification of the empiric regimen to control 
the original infection was required in 45% of the cefepime-treated patients and 
in 48% of the ceftazidime-treated patients. These modifications most often con- 
sisted of the addition of an antibacterial, usually a glycopeptide such as vanco- 
mycin. The addition of a glycopeptide occurred more often in the ceftazidime 
group (27% versus 22% for cefepime,p = 0.083). This difference was particularly 
pronounced in patients with MDI, occurring in 26 of 122 (21%) cefepime patients 
and in 39 of 109 (36%) ceftazidime patients (p = 0.056). This difference was also 
seen among patients with GDI (9 of 15, 18% for cefepime and 15 of 51, 29% for 
ceftazidime). There was no difference noted among patients with FUO. In both 
treatment groups treatment modifications usually occurred between days 3 and 
5. Compared to the other diagnostic categories, modifications occurred somewhat 
earlier among those with MDI. 

Table 2. Therapy 



Cefepime Ceftazidime 





n 


% 


n 


% 


Duration of therapy (days) 
Median 


7 




7 




Range 


1-50 


— 


1-33 


— 


Treatment modification 


147 


45 


153 


48 


Antibacterials 


98 


30 


107 


33 


Glycopeptides 


71 


22 


87 


27 


Antifungals 


71 


22 


75 


23 


Antivirals 


40 


12 


41 


13 



Response rates 

A total of 249 cefepime-treated patients and 228 ceftazidime-treated patients were 
evaluable for response, representing evaluability rates of 76% and 71%, respectively. 
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The most common reason for unevaluability was early treatment modification, i.e. 
before 72 h of effective therapy, without adequate reason (Table 3). In the group of 
evaluable patients, the success rate was 53% for cefepime and 55% for ceftazidime 
(p = 0.680; 95% confidence interval -11, +7; Table 3). The reasons for treatment fail- 
ure were similar in the two treatment groups. There were, however, a greater number 
of persistent or breakthrough bacteremias in the ceftazidime group and a greater 
proportion of persistent fever in the cefepime group. 



Table 3. Outcome of therapy 



Cefepime Ceftazidime 





n 


% 


n 


% 




(n = 


327) 


(n = 


320) 


Patients not evaluable 


78 




92 




Early treatment modification 


48 




54 




Non-infectious fever 


3 




3 




Viral of fungal infections 
No documentation of fever 


6 




10 




and/or neutropenia 


10 




12 




Other 


11 




13 




Evaluable patients 


249 




228 




Outcome 










Success 


133 


(53) 


126 


(55) 


Failure 


116 


(47) 


102 


(45) 


Reason for failure 










Resistant pathogen 


11 




13 




Persistent/breakthrough bacteremia 


5 




13 




Progression 


5 




4 




Death 


3 




3 




Persistent fever 


90 




66 




Relapse 


2 




3 





Response to therapy was analyzed by diagnostic category (Table 4). For patients 
with MDI the response rate was 47% for cefepime and 43% for ceftazidime. In 
those with documented bacteremia the corresponding figures were 45% and 40%. 
Of the 142 MDIs 121 were due to single organisms; seventy-one (59%) were caused 
by gram-positive pathogens and 50 (41%) by gram-negative pathogens. The 
response rate for patients with gram-positive infections was somewhat higher for 
cefepime, while for those with gram-negative infections the response to ceftazi- 
dime was more favorable. Clinical outcome was most favorable in patients with 
solid tumors, those with the least severe degree of neutropenia, and in those with 
the shortest duration of neutropenia. In the various subgroups of prognostic 
relevance no difference between cefepime and ceftazidime was observed. 

The efficacy analysis was repeated on all eligible patients (intent-to-treat analy- 
sis). Twenty-seven patients (13 in the cefepime group, 14 in the ceftazidime group) 
were excluded from this analysis because of either the absence of neutropenia 
(cefepime 8, ceftazidime 10), a noninfectious fever (cefepime 3, ceftazidime 3), poor 
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Table 4. Outcome by prognostic categories 



Cefepime Ceftazidime 





n 


% 


n 


% 


Overall 


133/249 


53 


126/228 


55 


MDI 


38/81 


47 


26/61 


43 


Bacteremia 


26/58 


45 


19/47 


40 


Single gram-positive organism 


15/38 


39 


10/33 


30 


S. aureus 


3/5 




1/2 




Staphylococcus coagulase-negative 


5/14 




4/13 




Viridans streptococci 


6/11 




5/12 




Other gram-positive 




1/8 




0/6 


Single gram-negative organism 


16/30 


53 


13/20 


65 


E. coli 


4/8 




8/10 




P. aeruginosa 


3/8 




1/2 




Klebsiella sp. 


3/7 




3/5 




Other gram-negative 


6/7 




1/3 




Polymicrobial 


6/12 


50 


3/8 


38 


GDI 


12/30 


40 


17/33 


52 


FUO 


83/138 


60 


83/134 


62 


Cancer diagnosis 










Hematologic malignancy 


73/169 


43 


66/148 


45 


Solid tumor 


58/76 


76 


53/69 


77 


Baseline neutrophil count 










<100/pl 


75/134 


56 


71/120 


59 


>100/pl 


50/101 


50 


49/101 


49 


Duration of neutropenia 










<10 days 


99/159 


62 


85/136 


63 


>10 days 


33/89 


37 


40/90 


44 



antibiotics (cefepime 2, ceftazidime o), or absense of fever (cefepime o, ceftazidime 
1). Thus 620 patients (96%) were included in this analysis. Patients with non- 
bacterial infections and those with inappropriate modification of the empiric 
regimen were considered treatment failures. The overall the response rate was 133/ 
314 (42%) for cefepime and 126/306 (41%) for ceftazidime. Among patients with 
MDI the response rates were 36% for cefepime and 27% for ceftazidime. The cor- 
responding figures among patients with GDI were 32% and 39%, and those with 
FUO 49% and 51%. 



New infections 

The incidence of new infections was higher in the ceftazidime group (35 episodes, 
15%) than in the cefepime group (26 episodes, 10%). The majority of new infec- 
tions were MDIs (cefepime 17, ceftazidime 22). There were 17 new episodes of 
bacteremia or fungemia, 6 in the cefepime group and 11 in the ceftazidime group. 
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These infections often occurred during the first week of therapy; there was no 
difference in time to development of a new infection in the two groups. 



Mortality 

Deaths occurred more often in the cefepime group (36 deaths, 11%) than in the 
ceftazidime group (23 deaths, 7%). The most frequent cause of death was under- 
lying cancer; there were 20 such deaths in the cefepime group and 10 in the 
ceftazidime group. Mortality due to the presenting infection was similar in the two 
treatment arms (6 cefepime, 8 ceftazidime). Both groups had some deaths attrib- 
uted to new infections. 



Adverse Events 

Both antibiotics were very well tolerated, as can generally be expected with 
cephalosporins. Overall the incidence of adverse events felt to be probably drug- 
related was very low (14% for cefepime and 10% for ceftazidime). The most frequent 
of these was rash, which was seen in 6% of cefepime patients and 4% of ceftazidime 
patients. The other most frequent adverse event was gastrointestinal intolerance; 
diarrhea, nausea, and vomiting were seen in 1-2% of patients. Changes in labora- 
tory parameters were infrequent and usually of no clinical relevance. 



Discussion 

Several factors have contributed to changes in the management of neutropenic 
cancer patients over the last two decades. BMT and peripheral stem cell trans- 
fusions are among the treatment options for a variety of malignancies. The avail- 
ability of hematopoietic growth factors has allowed the use of more aggressive 
chemotherapeutic regimens. With such regimens the risk of mucositis and other 
alterations in natural defense barriers is greater. This, coupled with the more wide- 
spread use of prophylactic antibiotics such as the quinolones, has contributed to 
changes in the microbiology of infections in this population. Infections caused 
by gram-negative pathogens have decreased in incidence, while those caused by 
gram-positive organisms have increased in frequency. The studies included in this 
report mirror these recent trends, with a predominance of infections caused by 
gram-positive organisms such asS. aureus, coagulase-negative staphylococci, and 
viridans streptococci. 

Cefepime is a new cephalosporin with a broad spectrum of activity against both 
gram-positive and gram-negative organisms, including 5. aureus, viridans strep- 
tococci,?. aeruginosa, and the Enterobacteriaceae. The drug provides coverage for 
a number of the organisms typically encountered in febrile neutropenic patients 
and thus can be considered a suitable candidate for monotherapy in this setting. 

This report reviews the results of three randomized studies comparing cefe- 
pime, given at a dose of 2 g intravenously every 8 h, to ceftazidime given at the 
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same dose. These three studies accrued a total of 647 patients. Two of the studies, 
one of which was double-blind, were large trials adequately powered to demon- 
strate the equivalence of cefepime and ceftazidime. The studies accumulated a 
population of patients with a variety of underlying malignancies, as well as a 
broad range of severity and duration of neutropenia. Despite this apparent het- 
erogeneity, the treatment groups were well-balanced for all prognostic factors, 
supporting the inclusion of the studies in a meta-analysis. 

The evaluable subset of patients met current IDSA guidelines for definitions 
of fever, neutropenia, and diagnosis leading to neutropenia. All evaluable patients 
had fever above 38° C, a neutrophil count lower than soo/pl, and a cancer diag- 
nosis of hematologic malignancy, solid tumor, or myelodysplast ic syndrome. Neu- 
tropenia was generally severe, with nearly three-quarters of the patients having 
a neutrophil count lower than 100/pl at some time. The duration of neutropenia 
varied widely, ranging from o to 56 days, with a median of 7 days. Approximately 
one-third of the patients had neutropenia lasting 10 days or more. 

The evaluation of outcome in these patients is particularly complex. Of par- 
ticular importance is the addition of any new antimicrobials, as well as the tim- 
ing of these changes. Two of the three studies were open - label trials in which 
biases in subject management could have occurred. To minimize the impact of 
any potential bias on the interpretation of outcome, efficacy data were reviewed 
in a blinded fashion by a consultant, who used outcome criteria based on IDSA 
and IHS guidelines. This blinded assessment provided consistency across the three 
studies and was a key aspect for justifying the use of a meta-analysis. 

The primary measure of outcome was based on the analysis of the first febrile 
episodes in evaluable patients. Overall, cefepime and ceftazidime proved to be of 
comparable efficacy, with respective success rates of 53% and 55% (p = 0.680,95% 
confidence interval -11, +7). In the subset of patients with MDI the success rate 
for cefepime was, again, comparable to that of ceftazidime (47% versus 43%). 
Further consideration of both the clinical outcome by pathogen and the reasons 
for treatment failure demonstrates two important features. First, patients treated 
with cefepime had the lower incidence of persistent/breakthrough bacteremia (5 
cases versus 13 in ceftazidime-treated patients). Second, for patients with coagu- 
lase-negative staphylococcal infections, the success rate for cefepime was 5/14 
versus 4/13 for ceftazidime; it was 3/5 versus 1/2 for S. aureus. The overall response 
rate for gram-positive infections was 39% for cefepime and 30% for ceftazidime. 

An assessment of the modifications made to the empiric regimen reveals an- 
other potential advantage of cefepime; a glycopeptide was added in 22% of 
cefepime patients and 27% of ceftazidime patients. This trend toward better gram- 
positive activity was not associated with a loss of activity against gram-negative 
organisms. Moreover, the addition of antibiotics with targeted activity against 
gram-negative pathogens, such as the aminoglycosides, was infrequent (3%). 
Given the oft-cited trend toward gram-positive infections in the febrile neutro- 
penic patient, these features would seem to favor cefepime as choice for empiric 
monotherapy. 

The efficacy of cefepime in febrile neutropenia was substantiated by the 
“modified intent-to-treat” analysis, which corroborated the equivalence of 
cefepime and ceftazidime. In this analysis the outcome for patients with MDI 
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was even more impressive, with success rates of 36% for cefepime and 27% for 
ceftazidime. Finally, a logistic regression analysis of the most significant prog- 
nostic factors further supports the activity of cefepime in this population. In 
the subset analyses based on these prognostic categories cefepime was at least 
as efficacious as ceftazidime. 

The safety analysis of these three studies is largely unremarkable. The incidence 
of adverse events, particularly probably-related adverse events, is low and in keep- 
ing with what is expected with a cephalosporin in this indication. Similarly, 
changes in laboratory parameters are consistent with our previous experience 
with cefepime. 

In conclusion, the data presented here provide evidence of the activity of 
cefepime when used as empiric therapy for the treatment of febrile episodes in 
neutropenic patients. Both efficacy and safety data support its use as monotherapy 
at a dose of 2 g every 8 h. 
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We have conducted a comparative, randomized double-blind study of cefepime 
versus ceftazidime monotherapy in the empiric treatment of febrile neutropenic 
children with cancer. Cefepime is a new fourth-generation cephalosporin anti- 
biotic with pharmacokinetics similar to that of ceftazidime. It has a balanced spec- 
trum of activity against Pseudomonas aeruginosa, Staphylococcus aureus, and 
Enterobacter cloacae. It shares with other cephalosporins an excellent safety pro- 
file. 

This study extended from June 1991 to June 1993, during which 231 episodes 
of febrile neutropenia were encountered. However, 82 patients were not stud- 
ied, for a variety of reasons, and 149 were therefore enrolled; among these, 18 
were nonevaluable for various reasons. The remaining 131 patients were 
randomized: 66 received cefepime and 65 ceftazidime. The clinical character- 
istics of patients in the two arms of the study were comparable. All patients were 
younger than 19. Two-thirds in each group had hematological malignancies, and 
one-third had solid tumors. All patients were in remission or, among those with 
solid tumors, chemotherapy- responsive disease. The depth and the duration of 
neutropenia were also comparable in the two groups. There were almost 70% 
of patients in each arm with fever of unknown origin (FUO). Documented 
infections occurred in 27% of cefepime recipients and 31% of ceftazidime 
recipients. 

Although 70% of patients in each group reported adverse events, only 9% of 
the cefepime group and 6% in the ceftazidime group had adverse events that were 
probably or definitely related to the administered drug. Four patients (6%) in the 
cefepime arm and two (3%) in the ceftazidime arm had positive results on the 
direct Coomb's test. None of the patients had clinical hemolysis. None in either 
arm required treatment for toxicity. 

The total success rates at 72 h were 71% in both arms among patients with FUO. 
For documented infections the success rates were 67% in cefepime recipients and 
55% in ceftazidime recipients (not statistically significant). The total success rates 
at the end of therapy were 90% in cefepime and 93% in ceftazidime recipients with 
FUO. Among those with documented infections the rates were 94% and 70%, re- 
spectively (not statistically significant). 

We found that cefepime compares favorably to ceftazidime in the empiric treat- 
ment of febrile neutropenic children with malignancy. 
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Cefepime-Vancomycin versus Ceftazidime-Vancomycin 
as Empiric Therapy in Febrile Neutropenic Patients 

A. Bosly, M. Aoun, M, Boogaerts, R. Schots, and V. De Pril 



From March 1993 to February 1994 a prospective randomized trial was conducted 
in four university hospitals in Belgium comparing cefepime to ceftazidime in 
association with vancomycin as empiric therapy for febrile episodes in neutro- 
penic patients. In 1993 ceftazidime-vancomycin was considered as a standard 
therapy for this group of patients. Patients were randomized to receive either 
cefepime 2 g every 8 h with vancomycin, or ceftazidime 2 g 3 times a day plus 
vancomycin. 

The majority of the 128 patients were suffering from leukemia (65% in the 
cefepime arm and 58% in the ceftazidime arm), followed in frequency by lymphoma 
and myelodysplastic syndrome. Solid tumors included in the trial were all treated 
by bone marrow transplantation a total of 26% of patients in the cefepime arm and 
18% of the patients in the ceftazidime arm were treated by transplantation. The me- 
dian duration of neutropenia was 12 days in the cefepime arm and 13 days in the 
ceftazidime arm, and almost all patients had a profound neutropenia. Fever was of 
unknown origin in 47% of the patients in the cefepime arm and 44% of those in 
the ceftazidime arm. The infection was microbiologically documented in 34% of 
those in the cefepime arm and in 45% of those in the ceftazidime arm. The rest of 
the patients had an infection documented only by clinical procedures. In 80% of 
cases of bacteriologically documented infection the pathogen was gram-positive, 
with a majority of coagulase-negative staphylococci; seven patients had a Psew- 
domonas aeruginosa infection. The median duration of the treatment was 10-12 
days and, there was no difference between arm. Treatment was well tolerated, with 
only four cases of reversible renal failure in each arm. 

The efficacy of treatment was assessed in patients receiving the total duration 
of treatment; 68% in the cefepime-vancomycin arm and 63% in the ceftazidime- 
vancomycin had a success with no modification of the empiric treatment (Table 1). 



Table 1. Clinical outcome 





Cefepime/Vancomycin 


Ceftazidime/Vancomycin 




n 


% 


n 


% 


All patients 


32/47 


68 


36/57 


63 


Microbiologically documented 


11/18 


61 


18/30 


60 


Clinically documented 


7/12 


58 


2/7 


29 


Fever of unknown origin 


14/17 


82 


16/20 


80 
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In bacteriologically documented infections the eradication of pathogens was 
observed in 79% of cases in the cefepime arm and in 72% of the cases in the 
ceftazidime-vancomycin arm. Overall outcome was quite good; 92% in the 
cefepime-vancomycin arm were alive, with infection cured, and 95% in the 
ceftazidime-vancomycin arm were alive, with infection cured. Only 3 patients died 
from infection (Table 2). 

Table 2. Overall outcome 



Cefepime/Vancomycin Ceftazidime/Vancomycin 





n 


% 


n 


% 


Accrual 


62 




66 




Survived and cured 


57 


92 


63 


95 


Died of infection 


1 


2 


2 


3 


Died with infection 


2 


3 


1 


2 


Died/with infection cured 


2 


3 


0 





In conclusion, cefepime-vancomycin is at least as effective as ceftazidime-vanco- 
mycin, for the empiric treatment of febrile neutropenic patients with hemato- 
logical malignancies. 
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Monotherapy with Meropenem versus Combination 
Therapy with Ceftazidime plus Amikacin as Empiric 
Therapy for Fever in Granulocytopenic Patients with 
Cancer 

A. CoMETTA and the EORTC International Antimicrobial 
Therapy Cooperative Group and the GIMEMA Infection 
Program 



Introduction 

Early empiric antibiotic therapy is common practice in granulocytopenic cancer 
patients who develop fever. For the past two decades combinations of beta-lactams 
and aminoglycosides have been standard therapy for suspected infections in 
granulocytopenic patients, especially in those with profound long-lasting granu- 
locytopenia. The rationale for using aminoglycoside-containing combinations was 
based on the high incidence of gram-negative bacteremias, which represented 70% 
of the single organism bacteremic episodes. The usefulness of aminoglycosides 
in neutropenic patients with gram-negative bacteremia was emphasised in pre- 
vious studies which reported outcome improved with combinations of antibiot- 
ics synergistic in vitro against the offending gram-negative bacteria. However, over 
the past 10 years there has been a continuous shift in the type of micro-organ- 
isms recovered from the blood of granulocytopenic cancer patients, with a con- 
siderable reduction in gram-negative bacteremic episodes, including those due 
to Pseudomonas aeruginosa and a significant increase in gram-positive isolates. 
Thus the need for the aminoglycoside-containing combination must be reassessed 
in view of this striking epidemiological change. 

With their broad-spectrum activity against both gram-negative bacteria (in- 
cluding P. aeruginosa) and gram-positive, carbapenems can be used as empiric 
treatment of fever in granulocytopenic cancer patients. 



Materials and Methods 

This randomized, multicenter trial studied cancer patients with profound and 
prolonged granulocytopenia and compared the efficacy and tolerance of mero- 
penem monotherapy (1 g every 8 h in adults and in children weighing more than 
50 kg, and 20 mg/kg in children weighing less than 50 kg) with that of the combi- 
nation ceftazidime (2 g every 8 h in adults, and 35 mg/kg every 8 h in children) 
plus amikacin (20 mg/kg per day in single daily dose). Cancer patients were 
eligible for randomization if they had fever (> 38.5° C on one occasion or > 38° C 
on two or more occasions within 12 h), granulocytopenia (absolute granulocyte 
count < 1000 cells/[il anticipated to fall below 500 cells/pl within 24-48 h), and a 
presumed infection (i.e., fever not likely to be due to a noninfectious cause such 
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drug or blood product administration). A patient's treatment was evaluated as a 
success if fever and clinical signs of infection (whenever present) resolved, and 
if the infecting micro-organisms (whenever isolated) were eradicated without 
change in the allocated antibacterial therapy. The return to a normal tempera- 
ture (i.e., below 38° C) had to be maintained for at least 4 consecutive days to 
qualify as a treatment success, and the primary infection must not have recurred 
within 1 week after discontinuation of protocol therapy. Any addition to the allo- 
cated regimen was considered as a failure of the empiric regimen. 

A total of 1034 febrile granulocytopenic cancer patients were randomized in the 
study, of whom 47 patients (22 in the meropenem group and 25 in the ceftazidime/ 
amikacin group) were not eligible and 29 eligible patients (13 in the meropenem 
group and 16 in the ceftazidime/amikacin group) were not assessable for efficacy. 
Thus, 958 patients were evaluable in the intent-to-treat analysis for response to 
antibacterial therapy, 483 in the monotherapy group and 475 in the combination 
group. At randomization, the two treatment groups were similar in terms of char- 
acteristics of patients (Table 1). The median duration of neutropenia was 16 days 
in the meropenem group and 17 days in the ceftazidime/amikacin group. 



Table 1. Characteristics of the 958 patients evaluable for response to therapy 



Meropenem Ceftazidime + Amikacin 

(n = 483) (n = 475) 

n % n % 



Underlying disease 



Acute leukemia 


278 


58 


289 


61 


Hodgkin disease and lymphoma 


90 


19 


83 


17 


Solid tumor 


80 


16 


71 


15 


Other 


35 


7 


32 


7 


Duration of granulocytopenia 
(<1000/mm^) after randomization 
Median 


16 




17 




Range 


1-79 


— 


2-78 




Antibacterial prophylaxis 


352 


73 


347 


73 


Oral antifungal prophylaxis 


319 


66 


321 


68 


Oral antiviral prophylaxis 


132 


27 


113 


24 



Results 

The overall response rate was 56% (270/483 patients treated successfully) in the 
meropenem group and 52% (245/475) in the ceftazidime/amikacin group (p = 0.2; 
95% confidence interval -0.01 to 0.12). A trend to a shorter time to defervescence 
was found in the monotherapy group (p = 0.07). However, the “time to failure” of 
treatment regimen was similar in the two groups, the median number of days to 
failure being 4 days. 
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The success rate was analyzed according to documentation of infection 
(Table 2). Among the 254 patients (27%) with microbiologically documented 
infections 227 (24% of the total) presented with bacteremia - due to multiple 
organisms in 28 patients and to single organisms in 199. Among the latter, 138 
(69%) had gram-positive bacteremia and 61 (31%) gram-negative bacteremia. The 
low response rates in bacteremic patients were due mainly to the poor efficacy 
of the regimens in single gram-positive bacteremias and in polymicrobial 
bacteremias, which together represented 67% of the bacteremic episodes in the 
meropenem group and 79% in the ceftazidime/amikacin group. 

A total of 237 patients had a clinically documented infection, 126 in the mono- 
therapy group and 111 in the combination group. The observed response rate was 
similar in the two groups (48% and 49%, respectively). Febrile episodes were clas- 
sified as unexplained fever in 216 patients in the monotherapy group and 226 in 
the combination group. No significant differences in response rates were observed 
between the two groups (66% and 64%, respectively). 

A glycopeptide was added in 158 of 483 patients (33%) in the monotherapy 
group and 182 of 475 patients (37%) in the combination group (p = 0.11). The most 
frequent reasons prompting this modification were persistence of fever (in 60 and 
73 patients, respectively), documentation of resistant micro-organisms (in 35 and 
42, respectively) and progression of the primary infection (in 15 and 19, respec- 
tively). The addition of empirical antifungal therapy did not differ between the 
monotherapy group (23%) and the combination group (25%). 



Table 2. Success rates by type of infection and infecting organism (intent-to-treat analysis) 



Meropenem Ceftazidime + amikacin 
n % n % 



Overall 


270/483 


56 


245/475 


52 


Microbiologically documented infections 


54/125 


43 


41/129 


32 


Bacteremia 


47/113 


42 


34/114 


30 


Single gram-positive bacteremia 


19/61 


31 


20/77 


26 


Methicillin-sensitive CNS 


9/10 




7/15 




Methicillin-resistant CNS 


0/24 




0/26 




Staphylococcus aureus 


0/1 




3/10 




Streptococci 


9/20 


45 


8/19 


42 


Other gram-positive bacteria 


1/6 




2/7 




Single gram-negative bacteremia 


26/37 


70 


13/24 


54 


Escherichia coli 


10/14 


71 


11/16 


69 


Pseudomonas aeruginosa 


5/8 




0/0 




Klebsiella/Enterobacter 


2/2 




0/3 




Other gram-negative bacteria 


9/13 




2/5 




Polymicrobial 


2/15 


13 


1/13 


8 


Non bacteremic 


7/12 


58 


7/15 


47 


Clinically documented 


6/126 


48 


54/111 


49 


Unexplained fever 


143/216 


66 


145/226 


64 



CNS, Coagulase-negative staphylococci. All p values are higher than 0.05 except for methicillin- 
sensitive coagulase-negative staphylococci (p = 0.04). 
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The occurrence of further infections, assessed in patients in whom the allo- 
cated regimen was not modified, did not differ between the two groups: 56 of 483 
(12%) in the monotherapy group and 58 of 475 (12%) in the combination group. 
Of the 25 further bacteremic infections 15 were due to single gram-positive 
organisms (8 in the monotherapy arm and 7 in the combination group), 5 to single 
gram-negative rods (3 and 2, respectively), and 5 were polymicrobial (1 and 4, 
respectively). 

At day 30 the overall mortality rate was 5% in both groups (24 cases in the 
monotherapy group and 22 in the combination group). Eight patients in the 
monotherapy arm and 13 in the combination arm died from their presenting in- 
fection. Other causes of death included mainly extensive cancer and hemorrhage. 

A total of 1027 patients were evaluable for adverse events. Overall, the propor- 
tion of patients who developed adverse effects was similar in the two treatment 
groups (151/516, or 29%, with meropenem; 148/511, or 29%, with ceftazidime/ 
amikacin). However, only 19 patients in the monotherapy arm and 31 in the com- 
bination arm experienced an adverse event probably related to the study drug 
(p = 0.10). The rate of nephrotoxicity, very low in this study (less than 1%), was 
slightly higher in the combination group than in monotherapy group since the 
nephrotoxicity probably attributable to the study regimen developed in six 
patients in the ceftazidime/amikacin group and in one patient in the meropenem 
group (p = 0.07). TWo patients who were receiving ceftazidime/amikacin devel- 
oped auditory toxicity. When the rates of nephrotoxicity and ototoxicity probably 
related to the study drugs are taken together, ceftazidime/amikacin appeared sig- 
nificantly more toxic than meropenem alone (p = 0.03). Seven patients in each 
group developed a cutaneous allergic reaction. Hypokalemia related to the regi- 
men was reported in two patients in the monotherapy arm and in eight in the 
combination arm (p = 0.06). Gastrointestinal intolerance was very rarely associ- 
ated with the allocated antibiotic regimen; vomiting was reported in only one 
patient in each group and diarrhea in five and two patients, respectively. Allergic 
reactions were the only reason for stopping the protocol antibiotic(s) (rash in two 
and four patients, respectively, and anaphylactic like reaction in one patient in 
each group). 

In summary, the present study shows that meropenem alone is as effective as 
ceftazidime plus amikacin for the empiric treatment of fever in persistently granu- 
locytopenic cancer patients. The overall response rates, relatively low in both 
groups, were related to stringent definitions of failure and were not associated 
with high mortality. Both regimens were well tolerated. 
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Piperacillin plus Tazobactam versus Ceftazidime plus 
Amikacin in Febrile Neutropenia: 

A Comparison in Terms of Cost and Efficacy 

T. Berghmans, M. Aoun, and J. A. Klastersky 



Reported response rates of gram-positive bacteria to third-generation cephalo- 
sporins such ceftazidime (CA) and ceftriaxone are inadequate, around 50% in 
some studies. Moreover, p-lactamase producing gram-negative bacteria are 
increasing. To confront these problems new approaches could be considered. 
Introduction of a glycopeptide, vancomycin or teicoplanin, in the initial empiric 
regimen has yielded conflicting results. In the absence of evidence of a methicillin- 
resistant staphylococcal infection, adding a glycopeptide can be delayed and 
adapted to the microbiological documentation without concomitantly enhanc- 
ing the mortality of the infections not empirically treated with a glycopeptide. 
Another approach is to use broad-spectrum antibiotics more resistant to some 
p-lactamases such as imipenem-cilastatin, perhaps associated with an amino- 
glycoside. Finally, adding a p-lactamase inhibitor to a p-lactam compound can 
increase its efficacy against a variety of p-lactamase producers. Piperacillin/ 
tazobactam (PTA) has a wide spectrum in vitro including gram-positive and 
gram-negative, aerobic and anaerobic bacteria. The PTA combination has been 
tested successfully in various infections in immunocompetent patients, includ- 
ing complicated urinary tract, low respiratory tract, bacteremia, soft tissues, 
gynecological and severe abdominal infections. 

A prospective multicenter trial by the International Antimicrobial Therapy 
Cooperative Groupe (lATCG) of the EORTC in compared two antibiotic sched- 
ules in febrile neutropenic cancer patients. In the first arm the patients received 
PTA in combination with amikacin. The second group received the standard regi- 
men consisting in CA plus amikacin. Cost analysis was also performed. In cases 
of persistent fever and resistant gram-positive bacteria a glycopeptide, vancomy- 
cin or teicoplanin, was added to the initial antibiotic regimen. Daily doses were: 
CA 3 X 2 g, PTA 4x4 g/500 mg, amikacin 1 x 20 mg/kg, the maximum daily dose 
being 1.5 g. Serum levels of amikacin were monitored twice a week. In cases of 
renal impairment the amikacin dose was adapted to obtain a serum level at a nadir 
below 10 |ig/l. 

Eligibility criteria were: the presence of a hematological malignancy (leukemia, 
lymphoma or Hodgkin disease); a solid tumor or autologous bone marrow trans- 
plant; an absolute neutrophil count below looo/mm^ and an expected fall in this 
level below soo/mm^ during the following 24-48 h; fever defined as an oral or 
axillary temperature above 38.5° C once or above 38° C twice during 12 h; the pres- 
ence of a suspected infection; informed consent by patient. Oral antibacterial 
prophylaxis was discontinued at the beginning of the empiric intravenous regi- 
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men. Infections were classified as microbiologically documented with or without 
bacteremia, clinically demonstrated, fever of unknown origin, or fever unrelated 
to an infection. Superinfection was defined as the occurrence of a new infection 
with a pathogen not related to the initial febrile episode. Infection-related death 
was defined as a direct consequence of the initial infection or the superinfection. 
Treatment was considered as a success in the case of complete regression of the 
infectious signs and eradication of the causative pathogen without modification 
of the initial empiric regimen, without fever recurrence during the 4 days follow- 
ing the treatment cessation or recurrence of the initial infection during the week 
following the treatment cessation. Side effects were classified according to the 
WHO classification. Secondary effects were classified as related or not to the anti- 
biotic therapy. 

Disposables and personnel time required for preparation, administration, and 
monitoring of the antibio therapy were measured. The price of the first treatment 
modification, that is, the adjunctive glycopeptide, was taken into account. Costs 
of amikacin assay were estimated as well. 

Among the enrolled patients in the trial, 59 were treated at the Institut Jules 
Bordet, 56 of whom were eligible and 32 evaluable for cost and efficacy analysis. 
There were 15 patients in the CA group and 17 in the PTA group. Patient charac- 
teristics are described in Table 1. 

Table 1. Patients characteristics 



CA PTA 

(n = 27) (n = 29) 



Median age (range) (y) 51 (14-74) 54 (15-77) 

Sex(M/F) 15/12 18/11 

Histology 

Leukemia 7 12 

Lymphoma 8 5 

Other hematological malignancies 4 0 

Breast 4 2 

Lung 1 3 

Other solid tumor 3 7 

Bacterial prophylaxis 20 18 

Fungal prophylaxis 18 16 

Viral prophylaxis 6 3 



Statistical analysis was performed using Fischer's exact test to evaluate differ- 
ences between the two arms in terms of response rate and adverse events. Cost 
analysis was analyzed statistically by a Mann-Whitney test. 

No significant difference was observed between the two arms. At inclusion 
around 50% of the patients presented with clinical symptoms possibly suggestive 
of an infection, principally mucositis and bronchopulmonary signs. We observed 
a relative predominance of gram-positive infection during the study. This was 
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more important in the CA arm. We found 65% of the episodes due to a bacterio- 
logically or clinically documented infection in the CA group and 42% in the PTA 
group. The same percentage of fever of unknown origin were observed in the two 
arms, 41% with and 42% with PTA. A greater number of fevers not related to an 
infection were noted in the PTA group (17% versus 4%). 

Treatment was considered a success in six patients (35%) on CA and in ten 
patients (67%) on PTA (p = 0.09). 

Adverse events were mild in both treatment groups. One case of skin allergy 
related to the antibiotherapy was observed. Three cases of hypokaliemia (CA two, 
PTA one) and five gastrointestinal problems (CA two, PTA three) were reported. 
Superinfection occurred in six patients; one documented infection with bac- 
teremia in each arm and four without bacteremia in the PTA group (p = 0.08). 
Among the 59 enrolled patients, there were nine deaths (CA four, PTA five), only 
one of which was considered to be related to the infection. 

The following parameters were included in the cost analysis. Drug acquisition 
costs were: 1278 Belgian francs (BF) for CA (2 g),989 BF for PTA (4/500 mg), 784 
BEF,for amikacin (500 mg), 3025 BF for teicoplanin Uoo mg). The cost of dispos- 
ables was calculated at 100 BF for each injection. The personnel time needed for 
preparation, administration and monitoring of the antibiotic perfusion was 
estimated at 35 min for one injection and costed 312 BF per dose. There was no 
difference in the management of the different antibiotics. The cost of the amikacin 
assay was 900 BF. The theoretical costs for assays were taken into account in the 
statistical analysis. No significant difference was found in terms of costs between 
the two antibiotic regimens (drug-costs,p = 0.34; total costs p = 0.39). The mean 
treatment duration in the PTA group was 11.3 days (range 6-20) versus 12.6 days 
in the CA arm (range 3-22; Table 2). 



Table 2. Treatment costs (Belgian Francs) 





CA (n 


= 15) 


PTA(n 


= 17) 


Median 


Range 


Median 


Range 


Drug 


63 972 


8 386-111 590 


41 592 


27 265-148 318 


Personnel 


14 352 


2 184- 25 896 


12 480 


7 800- 35 880 


Disposables 


4 616 


702- 8 329 


1 014 


2 509- 11 541 


Total 


86 052 


12 172-146 715 


58 986 


38 474-197 539 



This retrospective analysis of a prospective study contains some limitations. Some 
economic parameters could probably not be taken into account, for example: the 
cost of the microbiological tests needed for diagnosis of the febrile episode. 
Further, the number of fully evaluable patients is low and the statistically non sig- 
nificant results are probably at least partly due to this problem. Moreover, no 
intent-to-treat analysis was performed. 

The absolute success rates indicate a possible advantage of PTA over CA in this 
small group of patients, but this is not statistically significant. In the whole over- 
all lATCG-EORTC trial this advantage persisted, with a significant difference. The 
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lower success rate observed in the arm cannot be explained by the presence of 
more resistant strains. The median neutrophil count was also not signficantly 
lower in the CA group. The overall low response rates were probably due to strin- 
gent criteria for response evaluation. Only the responding patients not relapsing 
under the initial empiric regimen were considered as representing success of the 
initial therapy. More superinfections, considered as failures, were observed with 
PTA; all the documented bacterial superinfections were due to resistant strains. 

In the cost analysis we considered only the empiric antibiotic regimen and the 
first modification of this regimen, which was the addition of a glycopeptide. We 
chose this endpoint because it is frequently used in febrile neutropenic patients. 
The duration of hospitalization was not taken into consideration because it is 
difficult to evaluate the impact of a febrile episode on the total duration of hos- 
pitalization, particularly in hematological malignancies for which the length of 
stay depend on many variables, chiefly bone marrow recovery. We observed a ten- 
dency towards a lower cost in the PTA group. A possible explanation of the ob- 
served lower costs is that PTA is more efficient than CA and can be administered 
for a shorter period of time. We observed this tendency in the mean duration of 
the two treatments. Nonetheless, no significant difference between the two arms 
was found in terms of cost; this could be due to the small number of patients. 

PTA plus amikacin is an effective empiric antibiotic regimen in febrile neutro- 
penia. In comparison with the association of CA and amikacin, it may have an 
economic advantage. This must be evaluated in further studies, as well as the role 
of amikacin in this association. 
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Fungal Infection in Neutropenic Patients: 
Past Achievements and Future Problems 

G. R Bodey 



Fungal infection represents one of the most serious problems in neutropenic 
patients, not only because fungi have emerged as common pathogens but also 
because new fungal pathogens have appeared in recent years. As recently as the 
early 1960s there was very little experience with fungal infections in neutropenic 
patients. For example, an autopsy survey conducted by Baker in leukemic patients 
was able to define only 39 cases of fungal infection over a 31-year period. An 
extensive review on the complications of cancer patients was published in i960; 
the article, devoted to infections, included only 1.5 pages on fungal infections. 
Unfortunately, over subsequent years fungal infections have emerged as a signifi- 
cant problem in the cancer population. Although other patients are also at risk 
of fungal infection, the neutropenic patient is at special risk. It should be empha- 
sized, however, that at least some of these fungi are capable of causing serious 
infection even in normal hosts. 

One of the major problems that has compromised our ability to manage fun- 
gal infections is the inability to recognize these infections when they occur. Even 
today there are no adequate diagnostic tools to detect many of these fungal 
infections. Indeed, autopsy studies have demonstrated that only 35%-50% of 
patients with disseminated candidiasis have positive blood cultures during their 
life time. The lysis-centrifugation techniques for processing blood culture speci- 
mens has been more efficient in detecting circulating Candida organisms. Even 
using this technique, 30% of infected patients never have a positive blood culture 
antemortem. A great effort has been invested in developing serologic tests for de- 
tecting circulating antigens of fungi over the past 20-30 years. However, there are 
few reliable tests, and these are not routinely available to most institutions. Tests 
for detecting ciruculating Aspergillus spp. antigens appear to be more reliable than 
those developed for detecting circulating Candida spp. antigens. 

One of the special aspects of fungal infection is the fact that even when patho- 
gens can be observed in biopsies of infected tissues, frequently the organisms 
cannot be cultured from these tissue specimens. These limitations are obviously 
of increasing importance as physicians face the prospect of emerging new and/ 
or resistant pathogens. Among the problems of fungal infections in neutropenic 
patients is the recognition of new diseases caused by old fungal pathogens. This 
is examplified by hepatosplenic or chronic disseminated candidiasis. The first 
case of this disease was described at our institution in 1966. During the subse- 
quent 15-20 years it occurred very uncommonly; however, during the past dec- 
ade this disease has emerged as a significant problem in patients undergoing 
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remission induction chemotherapy for acute leukemia. Characteristically these 
patients experience extended periods of neutropenia, after which they develop 
fever that fails to respond to antibacterial agents. When the neutrophil count 
recovers, as they achieve remission of their underlying leukemia, it is expected 
that the fever will resolve. Unfortunately, the patient remains febrile, becomes 
increasingly debilitated, and may develop abdominal pain and hepato-splenom- 
egaly. Serum alkaline phosphatase levels are usually greatly elevated and are 
disproportionate to abnormalities of other liver function tests. The diagnosis 
is confirmed by computed tomography or magnetic resonance imaging of the 
abdomen revealing multiple lesions in the liver and spleen. Typically, in acute 
disseminated candidiasis the host response is abscess formation, whereas in this 
chronic form the response is granulomatous. This suggests that there is some 
difference in the host response to the organisms that accounts for this chronic 
presentation of Candida infection. Indeed, the infection may persist for many 
months despite therapy, thus interfering with subsequent antileukemic therapy. 
Amphotericin B alone or in combination with flucytosine has not been entirely 
successful for this form of candidiasis. The introduction of fluconazole has 
improved the prognosis. The response rates for this drug in initial reports have 
been 8o%-90%. The infection generally requires 2-3 weeks of therapy before 
the patient begins to show any response. 

Another new disease caused by an old pathogen is primary cutaneous aspergil- 
losis. This can be caused by other molds such as Fusarium spp. and Rhizopus spp. 
The infection is usually associated with intravenous catheters. The organism may 
be inoculated at the catheter site at the time of insertion, or it may be impregnated 
in the dressings that are used to cover the site. This has been predominantly an 
infection in neutropenic patients. If the site of infection occurs on an extremity, 
it may result in disseminated infection, whereas if it arises on the chest wall it may 
erode into the lung and cause pulmonary infection. 

In recent years pulmonary aspergillosis has increased in frequency in patients 
undergoing initial remission induction for chemotherapy for acute leukemia. 
These patients achieve a remission of their leukemia and recover from their 
aspergillosis but are left with residual cavities containing fungus balls. This be- 
comes problematic since the patients require additional maintenance or consoli- 
dation chemotherapy. Two problems characterize this setting: the patients are at 
risk of developing acute exsanguinating pulmonary hemorrhage as a consequence 
of their residual lesion, or the disease may recur once the patient becomes neu- 
tropenic following subsequent chemotherapy. There is some evidence to indicate 
that continuing antifungal therapy prevents these recurrences. In some instances, 
however, surgical resection may be appropriate, if it is technically feasible. 

For many years the only antiftmgal agent that was available was amphotericin B. 
This drug has been shown to have limited efficacy in patients with neutropenia. 
For example, two retrospective reviews of candidemia and disseminated candi- 
diasis reported a group of patients who developed their infection while neutro- 
penic (PMN <1000 mm^. None of patients who remained neutropenic during 
therapy recovered from their infection, regardless of whether they were treated 
with antifungal therapy. While amphotericin B is certainly not totally ineffective 
in this setting, the vast majority of patients who remain neutropenic fail to 
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respond to this therapy. This is true not only for disseminated candidiasis but also 
for aspergillosis. Success is not related to the dose or duration of amphotericin B 
therapy but rather to whether the patient's host defenses recover. 

A second therapeutic problem with amphotericin B is the fact that some 
organisms have now developed resistance to the drug, especially in centers where 
it has been used extensively. For example, in one oncology unit all patients who 
developed candidemia were grouped according to whether they survived their 
infection. The organisms causing infection were tested in vitro for susceptibility 
to amphotericin B. All the patients who survived had infections caused by sus- 
ceptible Candida species. Among the patients who died, however, some of the 
organisms were only marginally susceptible or resistant to amphotericin B. Also, 
occasional cases of infection are being caused by Candida lusitaniae, which may 
be inherently resistant to amphotericin B or may develop resistance during 
therapy. Additionally, there are new fungal pathogens that are also inherently 
resistant to amphotericin B and may be more susceptible to other antifungal 
agents. As a consequence, it is no longer possible to assume that all fungal infec- 
tions are susceptible to therapy with amphotericin B. 

The following are some of the ‘‘new” fungal pathogens that cause infections in 
neutropenic and other immunocompromised patients: 

Yeasts 

Trichosporon beigelii 
Blastoschizomyces capitatus 
Malassezia furfur 
Hansenula anomala 
Rhodotorula rubra 

Hyalohyphomyces 
Fusarium spp. 

Acremonium spp. 

Scedosporium inflatum 

Phaeohyphomyces 
Alternaria alternata 
Bipolaris spicifera 
Curvularia lunata 
Exserohilum spp. 

Two related yeasts that have emerged as causes of infection in patients with acute 
leukemia are Trichosporon beigelii and Blastoschizomyces capitatus. These organ- 
isms are widely distributed in soil, air, and decaying fruit. They are recovered 
infrequently from human skin. In a series of bone marrow transplant recipients 
T. beigelii was isolated from only 4% of surveillance cultures. Also in studies of 
the hospital environment these organisms have generally not been recovered. 
While T. beigelii is known to be the cause of superficial infection of the hair follicle 
known as white piedra, major infections caused by this organism were not 
recognized until the late 1960s. About 85% of the cases of B. capitatus infection 
have been reported from Europe, especially from Rome, Italy, while most of the 
infections caused by T. beigelii have been reported from the United States. 
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These yeasts are capable of causing a wide variety of infections, the most dev- 
astating being disseminated infection which occurs most often in neutropenic 
patients. The major symptoms depend upon the predominant organ of involve- 
ment. In some patients the organism may cause extensive destruction of the renal 
glomeruli, and as a consequence the patient presents with azotemia, hematuria, 
and proteinuria. In other patients the lung is the predominant site of infection, 
in which case the patient presents with cough and may have severe hypoxemia 
without substantial abnormalities on chest roentgenogram. Other patients may 
have predominant involvement of the heart and exhibit symptoms of congestive 
heart failure or cardiac arrhythmia. About 30% of patients develop skin lesions, 
and these occur predominantly in neutropenic patients. The lesions may be dif- 
fuse macropopular or nodular rashes which rarely may progress to disfiguring 
necrotizing ulcers. The liver and spleen are routinely involved, and patients 
occasional develop chronic infection of these organs. B. capitatus is generally 
susceptible to amphotericin B whereas T. beigelii is more likely to be susceptible 
to azole antifungal agents than to amphotericin B. Recovery from an infection, 
however, depends upon resolution of neutropenia. 

Fusarium spp. have emerged as significant pathogens among neutropenic 
patients at some institutions. These molds are common soil saprophytes and plant 
pathogens. The first description of disease in humans resulted from ingestion of 
contaminated grain. The mold produces a mycotoxin that on continual ingestion 
results in aplastic anemia and death. Subsequently it was discovered that 
Fursarium spp. can cause superficial infections of the skin and nails. More recently, 
major organ and disseminated infection has been described, predominantly in 
neutropenic patients. Fusarium infection shares many features in common with 
aspergillosis. These organisms can cause sinus, pulmonary, or primary cutaneous 
infection. They tend to invade blood vessels causing thrombosis and infarction. 
Unlike aspergillus, however, Fi/sant/m tends to disseminate much more frequently. 
Dissemination following sinus or pulmonary aspergillosis occurs in about 30% 
of cases whereas with Fusarium infection dissemination occurs in about 75% of 
cases. When disseminated aspergillosis occurs, the organism is rarely cultured 
from the blood stream whereas about 75% of patients with disseminated Fusarium 
infection have positive blood cultures. Skin lesions are relatively uncommon with 
disseminated aspergillosis but occur in about 75% of patients with disseminated 
fusarium infection. Typically the skin lesions consist of multiple sharply circum- 
scribed areas covered by a black eschar and surrounded by a grayish halo. Some 
patients may have subcutaneous lesions with normal overlying skin. These lesions 
are typically quite painful and the patient brings them to the attention of the 
physician. 

Conflicting results have been reported regarding the in vitro activity of anti- 
fungal agents against Fusarium spp. Some studies have suggested that most of 
these molds are resistant to all currently available antifungal agents. Neverthe- 
less, the most critical factor in the outcome of these infections in neutropenic 
patients is recovery of the patients neutrophil count. 

There have been several encouraging new developments in the therapy of fun- 
gal infections during the past 7 years. One interesting discovery has been the 
demonstration that when amphotericin B is administered in a lipid formulation 
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it is possible to reduce the toxicities associated with this drug. As a consequence, 
substantially higher daily doses of amphotericin B can be administered in these 
preparations. Several lipid formulations have been developed by the pharmaceu- 
tical industry, each of which has somewhat different pharmacokinetic and toxi- 
cological properties. In a neutropenic mouse model of disseminated candidiasis 
control animals all died within i week; the administration of a single maximum 
tolerated dose of amphotericin B prolonged survival to 3 weeks. When the same 
dose of amphotericin B was administered in a lipid formulation, survival 
remained unchanged; however, administering much higher doses in the lipid 
formulation resulted in 100% survival. Clinical experience to date indicates that 
these preparations are less toxic in humans than amphotericin B deoxycholate, 
and as a consequence substantially higher doses of lipid formulations can be 
administered. What has not been determined is whether these higher doses are 
more effective for the treatment of serious fungal infections, especially in neu- 
tropenic patients. 

Two new azole compounds have been introduced into clinical practice in re- 
cent years, fluconazole and itraconazole. Fluconazole, available both as an oral and 
intravenous preparation, is excreted primarily unmetabolized in the urine and is 
well tolerated. Indeed, doses routinely used for the therapy of infections are far 
below what has been demonstrated to be the maximum tolerated dose of this drug. 
Fluconazole has been compared to amphotericin B in several trials, including 2 
prospective randomized trials and one matched paired analysis. At our institu- 
tion during the course of a prospective randomized trial some physicians chose 
not to participate and selectively treated their patients with fluconazole or am- 
photericin B. Patients given fluconazole were identified and then matched with 
similar patients who received selectively amphotericin B. Matching was based on 
known prognostic variables such as the number of positive blood cultures, their 
underlying disease, their APACHE II score, whether they were neutropenic, and 
the Candida species causing infection. A preliminary analysis of this study iden- 
tified 45 such pairs and the response rate was 71% for amphotericin B and 73% 
for fluconazole. The overall survival rates were 78% and 87%, respectively. 

Subsequently, a prospective randomized trial was completed at the Texas Medi- 
cal Center. This trial incorporated both patients with adequate neutrophils and 
neutropenic patients. While the majority of patients had candidemia or major 
organ infection, there were some who had presumed but unconfirmed candidia- 
sis. These were either neutropenic patients or patients in an intensive care unit 
and were colonized by Candida spp. All of these cases were carefully reviewed by 
a panel of physicians who were unaware of the type of therapy and response to 
therapy, to ensure that only appropriate patients were included. In a preliminary 
analysis of the study 67 patients were assigned to amphotericin B and 75 to 
fluconazole. Response rates at the end of therapy were 68% and 64%, respectively, 
and survival rates 87% and 88%. Interestingly, among the 43 patients with a neu- 
trophil count below looo/mm^ the response rate for amphotericin B was 48% and 
that for fluconazole 77% (p < 0.05). These data should be interpreted with care 
because there were only a small number of neutropenic patients, and many of 
these patients experienced recovery of their neutrophil count during therapy. 
Nevertheless, the results indicate that fluconazole is as effective as, and perhaps 
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more effective, than amphotericin B for the treatment of serious Candida infec- 
tions in neutropenic patients. Rex et al. (1994) reported a prospective randomized 
trial comparing amphotericin B to fluconazole in the treatment of candidemia, 
but this study excluded patients with neutropenia. The results, again, indicated 
fluconazole to be as effective as amphotericin B against these infections. 

The remaining question regarding therapy with fluconazole is the appropri- 
ate dose. All the above studies used a dose of 400 mg/day. The maximum toler- 
ated daily dose of fluconazole is about 1600 mg. A recent study of patients in an 
intensive care unit with candidemia reported a better response rate with a daily 
dose of 10 mg/kg. Hence, patients receiving 400 mg daily may be failing to respond 
to fluconazole because of inadequate doses. 

Another new azole compound that has become available is itraconazole, which 
is of special interest because of its activity against aspergillosis. This drug is avail- 
able only as an oral preparation, and one of its limitations is variable absorption 
from the gastrointestinal tract, especially that of sick patients. It has been proven 
to be extremely effective in the treatment of blastomycosis and histoplasmosis 
and also in preventing relapse of histoplasmosis in patients with AIDS. Denning 
et al. (1994) have reported the largest experience with itraconazole in the treat- 
ment of aspergillosis. A total of 76 patients were evaluated, including 35 who were 
neutropenic or who underwent organ transplantation. The overall failure rate was 
18%, although only 7% of patients achieved a complete response to therapy. Analy- 
sis of response in aspergillosis is often difficult because the infection maybe com- 
pletely controlled while the patient has a residual lesion due to extensive tissue 
destruction and infarction. Among the 51 patients with pulmonary infection there 
were 44% responses and 11% complete responses. Among eight patients with si- 
nus infection and eight with central nervous system infections there was only one 
response each. The response rate among neutropenic and transplant patients was 
45%, and only 14% were considered to be total failures to therapy. 

The only prospective randomized trial comparing amphotericin B to itra- 
conazole was in neutropenic patients with presumed or confirmed fungal infec- 
tion. A total of 16 patients were entered on each therapy, and the results appear 
comparable with the two therapies. Unfortunately, the small number of cases in 
this study makes it difficult to interpret. 

Several nonabsorbable and absorbable antifungal agents have been used for 
prophylaxis of fungal infection in neutropenic patients. While much of the data 
is inconclusive, the general trend indicates that absorbable agents with systemic 
effects are more effective for prophylaxis than nonabsorbable agents such as oral 
nystatin or amphoterin B. The largest experience has been gained with fluconazole 
both in open trials and in prospective randomized comparative studies. The first 
randomized trial used a dose of 50 mg/day and was conducted in 112 hospitalized 
cancer patients. Thrush occurred in 28% of patients assigned to placebo, com- 
pared to 2% of patients assigned to fluconazole (p < 0.005). large multi- 
institutional prospective randomized trials have been conducted using 400 mg 
fluconazole daily versus placebo. In a study of 357 patients undergoing bone 
marrow transplantation the frequency of superficial infection was 34% among 
patients receiving placebo and 9% among those receiving fluconazole prophylaxis 
(p < 0.05). The frequency of systemic infection was 16% and 3%, respectively 
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(p < 0.05). In another study of 255 patients with acute leukemia the difference 
in superficial infection was also statistically significant (15% vs. 6%, 
p < 0.05), but the difference in systemic infection was not significant (8% vs. 4%). 
In another study of 90 patients assigned to either fluconazole 200 mg daily or 
clotrimazole plus nystatin, severe fungal infection occurred in 7% and 23% 
respectively (p < 0.05). Death from fungal infections occurred in 5% and 19%, re- 
spectively (p < 0.06). The most appropriate dose of fluconazole for prophylaxis 
is uncertain, but it is probably not necessary to administer more than 200 mg daily, 
and possibly 100 mg daily may be adequate. 

There have been several reports of colonization and occasional infection cause 
by Candida krusei and C. glabrata, all in bone marrow transplant units where 
fluconazole has been used for prophylaxis. C. krusei is inherently resistant to 
fluconazole and C. glabrata strains have variable susceptibility to this agent. There 
is some evidence to indicate that patients may acquire C. krusei from the hospi- 
tal environment and become colonized under the selective pressure of fluconazole 
prophylaxis. In the multi-institutional studies cited above there were no differ- 
ences in colonization rates between patients receiving fluconazole and placebo. 
Hence, fluconazole prophylaxis should be limited to those patients who are at high 
risk of developing a fungal infection. Prophylaxis should be terminated once the 
neutrophil count is recovering and physicians using prophylaxis should be alert 
to the possibility of C. krusei emerging as a potential problem within the hospi- 
tal environment. 

Itraconazole is an attractive agent for prophylaxis because of its activity against 
aspergillosis. An early study demonstrated that the absorption of itraconazole 
from the gastrointestinal tract of patients is extremely variable. Furthermore, 
patients who have low serum concentrations are at much higher risk of develop- 
ing a subsequent fungal infection than those with adequate concentrations. New 
oral and intravenous preparations of itraconazole are being prepared, and hope- 
fully they will be examined for their efficacy in preventing Aspergillus infections 
in neutropenic patients. One prospective trial has compared itraconazole to 
placebo in 92 patients with hematological malignancies. While fungal infections 
occurred less frequently in the group who received itraconazole, the frequency 
of aspergillosis was the same in the two groups. 

While progress in the management of fungal infections has been slow, the 
future appears to be more encouraging. The pharmaceutical industry has come 
to recognize that fungal infections are an important problem, especially in 
immunocompromised hosts. As a consequence they have invested considerable 
research activities into the discovery of new and better antifungal agents. Several 
new azole compounds appear to be promising and several new and unique chemi- 
cal structures have interesting antifungal activity. Hopefully some of these newer 
agents will prove to be beneficial and provide physicians with alternatives to 
currently available therapies. These include: 

- Nikkomycins 

- Glucan synthesis inhibitors 

- Squalene oxidase inhibitors 

- Lanosterol C-14 demethylase inhibitors 
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- Lannomydn and glucolanomydn 

- Deoxymulundocandin 

- Macrolactams 

- Sphingofungins 

- Laxaphycins 

An exciting area of interest is the use of biological agents as adjuvants to antifun- 
gal therapy in immunocompromised and especially neutropenic patients. A pilot 
study examining the combination of amphotericin B and granulocyte-macro- 
phage colony-stimulating factor (GM-CSF) for the therapy of fungal infection in 
neutropenic patients was conducted at our institution. All of the patients had 
biopsy-confirmed major organ or disseminated fungal infections. Six of the eight 
patients experienced an increase in their neutrophil counts following adminis- 
tration of GM-CSF, and all six responded to therapy of their fungal infection. 
Macrophage colony-stimulating factor (M-CSF) has also been used as an adjuvant 
to antifungal therapy. The results were compared to a group of historical controls 
who received amphotericin B only. Survival was 27% among the 46 patients who 
received M-CSF and only 5% among the 58 not receiving this agent. The benefi- 
cial impact of M-CSF was not observed in patients with aspergillosis, a disappoint- 
ing observation since the macrophage is known to be an important host defense 
against Aspergillus infection. The only patients who appeared to achieve a sub- 
stantial benefit from M-CSF were those with candidiasis who had a Karnofsky 
score at the beginning of therapy higher than 20. 

In the past, white blood cell transfusions have been used as an adjuvant to am- 
photericin B for the therapy of serious fungal infections in neutropenic patients. 
The efficacy of this approach has been questioned, primarily because of the 
inability to collect adequate numbers of neutrophils from donors and the need 
for multiple donors so that transfusions could be administered for a prolonged 
period of time until the patient's own bone marrow recovered. Renewed inter- 
est in white blood cell transfusions has occurred with availability of colony stimu- 
lating factors. Granulocyte colony-stimulating factor (G-CSF) has been admin- 
istered to normal donors to stimulate neutrophil production. These neutrophils 
have then been collected and administered to neutropenic patients with fungal 
infection. The administration of G-CSF to donors results in a tenfold increase in 
the number of neutrophils that can be collected. Several patients who received 
these white cell transfusions showed evidence of response of their fungal infec- 
tion, indicating that this is an avenue that deserves further investigation. 

Laboratory studies conducted in vitro and in animal models have demon- 
strated that several other biological agents can have a favorable impact on host 
defenses against fungi. When monocytes are exposed to interferon-gamma, their 
ability to damage Aspergillus spp. is substantially enhanced. Interleukin-4 (IL-4) 
blocks the ability of interferon-gamma to activate the fungicidal activity of 
macrophages in vitro, and exogenous soluble IL-4 receptor may function as an 
IL-4 antagonist. Mice systemically infected with Candida spp. have high levels of 
IL-4 and when left untreated develop a fatal disseminated infection. The survival 
rate of mice treated with IL-4 receptor was 92% at 8 weeks; survivors resisted 
rechallenge that killed control mice in 2-3 days. Thus, in this animal model the 
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receptor to IL-4 appears to enhance the activity of the macrophage against fun- 
gal infection. Hopefully, some of these laboratory investigations will be translated 
into clinical useful applications in the future. 

There are some reasons to be optimistic about control of fungal infections in 
the future. First, there are some potential new antifungal agents that hopefully will 
prove to have a broad spectrum of activity, minimal toxicity, and efficacy even in 
neutropenic patients. As further experience is gained with immune modulators, 
it can be anticipated that some of these agents will prove to be important 
adjuvants to specific antifungal therapy especially in the immunocompromised 
patient. Hopefully, as further research is conducted in the development of new 
therapies for malignant diseases, modalities will be discovered that are more toxic 
to cancer cells than to human bone marrow, resulting in less severe and prolonged 
myelosuppression yet with longer lasting remissions of malignant diseases. New 
approaches to the diagnosis of fungal infections should permit earlier recogni- 
tion and more prompt administration of antifungal therapy. Also, it is reasonable 
to anticipate that more effective antifungal prophylactic measures will become 
available in the future. 

It should be noted, however, that there are some potential negative outcomes 
in the future. Resistance to antifungal agents has been recognized only recently, 
but it is increasing in frequency. Resistance has been largely associated with the 
azole compounds but has also been observed with amphotericin B. Furthermore, 
there are an increasing variety of fungi that are causing serious infections in 
immunocompromised patients; some of these fungi are inherently resistant to all 
currently available antifungal agents. 

With the availability of more potent broad-spectrum antibacterial agents, 
oncologists have pursued the use of more intensive chemotherapy regimens in 
the hope of improving response and cure rates in many malignancies. Unfor- 
tunately, a side effect of many of these regimens is enhanced susceptibility to 
infections, and with more severe and prolonged neutropenia, the risk of fungal 
infection increases. In the United States there is increasing economic pressure to 
discharge patients from hospital as early as possible. Exposure to fungal spores 
is considerably greater in the natural environment than in most hospital environ- 
ments, and it is therefore conceivable that, as this practice expands, more patients 
will develop serious fungal infections. 
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The Pressure of Emerging Resistance in 
Fungal Diseases 

B. Dupont 



In the past few decades there has been an increasing worldwide incidence of life- 
threatening systemic fungal infections. Despite the availability of new antifungal 
compounds for the treatment of these infections, resistance continues to expand. 
This may be due to the emergence of new pathogens with a low susceptibility to 
antifungal, decreased susceptibility of classical pathogens, and defective host 
defense with clinical failure rather than microbiological resistance. This chapter 
focuses on in vitro decreased susceptibility of micro-organisms. 

Amphotericin B,5-fluorocytosine, and azole derivatives are the major antifun- 
gal agents. With the exception of 5-fluorocytosine the emergence of resistant 
mutants during treatment has been very rare. Although there is no standardiza- 
tion in methods for in vitro susceptibility testing, many mycology laboratories 
have shown that isolates are less sensible than a reference strain or than the usual 
pattern of so-called sensitive strains. In a limited number of cases a correlation 
has been established between a marked decrease in the in vitro susceptibility and 
clinical failure of treatment in animals experimentally infected and in humans. 

A limited number of studies regarding the emergence of amphotericin B 
resistant strains have been published. In many cases resistance occurs during 
therapy with ensuing clinical failure. Other species of Candida are known to be 
less susceptible to amphotericin B than C. albicans. New emerging species such 
as C. lusitaniae and C. lipolytica seem to be more prone to develop resistance. 
Resistance of Cryptococcus neoformans is exceptional. 

One study reported a high proportion of yeasts isolated from the blood stream 
of severely immunocompromised patients having a relative in vitro resistance 
with MIC greater than 0.8 |ig/ml. These patients were more likely to die than were 
those with fungal infection due to yeasts whose MIC was 0.8 |ig/ml or less. The 
resistance has been found to be generally associated with an increase of mem- 
brane ergosterol. The role of environmental factors such as drugs, cytotoxic 
chemotherapy, and radiotherapy is an alternative possibility. 

A fairly good correlation has been established between MICs of C. albicans to 
5-fluorocytosine and clinical outcome in intravenously infected mice treated with 
5-fluorocytosine. In humans the drug resistance arising during therapy has been 
found to be correlated with clinical failure after initial response to 5- fluorocytosine. 
Some 8%-io% of Candida species show a primary resistance; C. albicans serotype B 
is more often resistant than serotype A. Primary resistance of C. neoformans was 
reported for i%-5% of isolates. The in vitro rate of mutation is i/io^ for C. albicans 
and 1/10^ for C. neoformans. Resistance may be induced by the lack or deficiency of 
enzyme at any step of the metabolic pathway inside the fungal cell. 
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Before the AIDS epidemic resistance of C. albicans to azole-derivative anti- 
fungals was very uncommon despite 10--20 years of clinical use. Resistance seemed 
limited to six isolates from patients with chronic mucocutaneous candidiasis 
treated with ketoconazole for very long periods. A majority of Torulopsis (Can- 
dida) glabrata isolates are resistant in vitro and/or in vivo to azole derivatives. 
C. krusei shows a natural resistance to fluconazole both in vitro and in humans. 
Fluconazole, as curative or prophylactic treatment, may select resistance to 
fluconazole both in vitro and in humans. Fluconazole as curative or prophylactic 
treatment may select resistant strains and enhance colonization with C. krusei 
with a potential risk of translocation from superficial colonization to systemic 
infection. Since 1990 we have noticed clinical persistence of thrush and esophagitis 
in AIDS patients treated with fluconazole at 100-400 mg per day for 7 days either 
orally or intravenously. The majority of patients have an advanced stage of AIDS 
with CD4 T-cell count below 5o/mm^ They have often been treated previously with 
several courses on protracted maintenance therapy with fluconazole at a dose of 
50 mg/day on every other day. 

We have observed a correlation between clinical persistence of candidiasis and 
MIC to fluconazole of 12.5 pg/ml and between clearance of clinical signs and symp- 
toms with MIC below 3 pg/ml. In mice infected intravenously with a resistant or a 
sensitive strain and treated with fluconazole we observed a marked difference in 
terms of kidney burden of Candida in favor of mice infected with the sensitive strain. 
The majority of strains resistant in vitro to fluconazole had very low MICs to itra- 
conazole. This suggests that one mechanism of resistance is not related to the mode 
of action on sterol synthesis and could possibly involve the penetration of fluco- 
nazole into the fungal cell. In ten AIDS patients with clinically resistant oropharyn- 
geal candidiasis we observed the clearance of lesions within 2-4 days of treatment 
with oral solution of itraconazole in cyclodextrine (200 mg/day). Although pre- 
dominant in AIDS patients, the phenomenon of resistance to fluconazole has also 
been observed in our laboratory in three HIV-negative patients. 

To conclude, resistance seems to be slowly progressing and needs an epidemio- 
logical survey. 
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Liposomal Versus Conventional Amphotericin B for 
the Treatment of Fever of Unknown Origin in 
Neutropenic Patients: Results of Two Randomized Trials 
in 204 Children and 134 Adults 

C. C. Kibbler and M. Aoun 



In two prospective, parallel, comparative multicenter trials 134 adults and 204 chil- 
dren were randomised to receive either conventional amphotericin B at 1 mg/kg per 
day (n = 102), liposomal amphotericin B (AmBisome,NeXstar Pharmaceuticals, San 
Dimas, Calif., USA) at 1 mg/kg per day {n = 118), or AmBisome at 3 mg/kg per day 
(n = 118). Patients were neutropenic (neutrophil count < 0.5 x loVl) and had re- 
mained febrile (> 38° C) following therapy with broad-spectrum antibiotics for at 
least 96 h without a source of the fever being identified (FUO). 

Informed consent was obtained from all subjects, parents, or legal guardians. 
Those with clinical or mycological evidence of systemic fungal infection or who 
had received systemic antifungal agents within 28 days prior to enrollment or had 
significant renal impairment (serum creatinine more than twice the upper limit 
of normal) were excluded. 

Nephrotoxicity was defined as 100% increase in baseline serum creatinine and 
efficacy as resolution of fever for 3 days. The safety analysis included all patients 
enrolled to the study, and assessment of efficacy was made on an intention-to- 
treat basis as well as per protocol. 

There were no significant differences in demographics or clinical parameters 
between the three arms; there were more males in each group and the most com- 
mon underlying disease was acute lymphoblastic leukemia. 

Patients treated with 1 mg/kg AmBisome had two- to sixfold fewer side effects 
than those receiving conventional amphotericin B (p < 0.01). Severe side effects 
were seen in only 1% of patients given 1 mg/kg AmBisome, compared with 12% 
of those receiving the conventional drug (p < 0.01). None of the patients not 
receiving concomitant nephrotoxic agents suffered nephrotoxicity (doubling of 
baseline creatinine) on 1 mg/kg AmBisome, versus 3% of those on 3 mg/kg 
AmBisome, and 23% on conventional amphotericin B (p < 0.01); time to develop 
nephrotoxicity was longer in both AmBisome arms than in the conventional arm 
(p < 0.01). 

On an intention to treat analysis 49% of patients given conventional ampho- 
tericin B, 58% of those treated with 1 mg/kg AmBisome, and 64% of those receiv- 
ing 3 mg/kg of the liposomal agent responded (p = 0.03 for conventional ampho- 
tericin B versus 3 mg/kg AmBisome). 

In conclusion, liposomal amphotericin B in these doses is significantly safer 
than conventional amphotericin B in children and adults. AmBisome in a dose of 
3 mg/kg per day has greater efficacy than conventional amphotericin B in terms 
of resolution of fever, even in the presence of unresolved neutropenia. 




102 



C. C. Kibbler, M. Aoun 



Recommended Reading 

Tollemar J, Ringden O (1995) Lipid formulations of amphotericin B - less toxicity but at what economic 
cost? Drug Saf 13 (4):207-2i8 



Pulmonary Infiltrate Etiology in 
Leukemic Patients with Fever 

J. Skrickova, J. Mayer, and J. Vorlicek 



Pulmonary involvement in patients with leukemia can be caused either by the 
progression of the underlying disease by opportunistic or other infection, by a 
reaction of the lung tissue to administered drugs, by other various pulmonary 
diseases, or by a combination of these causes. In the majority of leukemic patients 
these pulmonary infiltrates are associated with fever, nonproductive cough, and 
dyspnea. Clinical examination, laboratory investigations. X-ray, and physical 
examinations seldom reveal the exact nature of these pulmonary infiltrates. 
Noninvasive examinations such as study of the sputum, serology, and blood cul- 
tures are affected by a number of factors that make the overall yield quite disap- 
pointing. Fiberoptic bronchoscopy is used increasingly frequently to determine 
the etiology of pulmonary infiltrates in leukemic patients with fever. We chose 
bronchoalveolar lavage (BAL) to establish the etiology of primary infiltrates in 
leukemic patients because BAL is less invasive and is more frequently feasible than 
open lung or transbronchial biospsies. BAL was performed after premedication, 
under local anesthesia, through a fiberoptic bronchoscope in the most abnormal 
area of the bronchial tree as shown by chest X-ray. We used buffered saline warmed 
to 37° C (150-300 ml, in 20- or 50-ml aliquots). Broncho elveolar fluid (BAF) was 
subjected to bacteriological and virological examinations and was screened for 
the presence of fungi; we also used immunofluorescence by monoclonal anti- 
bodies to confirm antigens of cytomegalovirus, herpes simplex virus, and Pneu- 
mocystis cariniiy and we also used cytological examination after staining the sam- 
ples according to May-Griinwald-Giemsa and Groccot (methenamine silver). 

From February 1991 to December 1994, we performed BAL with subsequent 
microbiological and cytological investigation in 78 leukemic patients with fever 
and pulmonary infiltrates in whom the etiology of pulmonary infiltrates was 
unknown. Diagnoses of the underlying diseases were as follows: acute myeloid 
leukemia, 34 (43.6%) patients; acute lymphoblastic leukemia, 13 (16.7%); chronic 
myeloid leukemia, 16 (20.5%); chronic lymphatic leukemia, 14 (17.9%); and hairy 
cell leukemia, one patient (1.3%). Clinical findings at the time of BAL were the 
following: fever in 78 (100%), pathological auscultation finding in 68 (87.2%), 
nonproductive cough in 46 (59.0%), and dyspnea in 45 (57.7%). There were 58 
patients (74.4%) who had already received cytostatic treatment and 20 (25.6%) 
patients still awaiting cytostatic treatment. Antimicrobial treatment with one or 
more antibiotics was being given in 39 patients (50%), with one antibiotic in 8 
(10.3%), with antimycotics in 3 (3.9%), and with virostatics in one (1.3%). The treat- 
ment with antibiotics and antimycotics was being given in 19 (24.4%), and 
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8 patients (10.3%) were awaiting antimicrobial therapy. A neutrophil count of 
o-40o/mm3 was observed in 36 patients (46.1%). A thrombocytes count of 
o-ipooo/mm^ was seen in 30 patients (38.5%). 

Blasts were found in BAF in 35 patients (44.9%), but their presence was not 
correlated with the presence of blasts in the peripheral blood. Alveolar hemor- 
rhage was confirmed in 5 patients (6.4%); the presence of alveolar hemorrhage 
was not correlated with the thrombocyte count in peripheral blood (Fig. 1). 




Fig. la, b. Chest X-rays of a 61-old-year woman with acute myeloid leukemia, a At the end of 

cytostatic treatment. Mycobacterium tuberculosis was cultured from BAF. b 

The regression of pulmonary infiltrates after 8 weeks of tuberculostatic treatment 



Bacterias were cultured from BAL in 45 leukemic patients {^77%; Mycobacterium 
tuberculosis was cultured in two patients and Legionella pneumophila in one). The 
presence of fungi was confirmed in BAL in 18 leukemic patients (23.1%); Candida 
albicans was cultured in 13 (16.7%), C. pseudotropicalis in one (i.3%)> C. krusei in 
one {i.3%)yRhizopus in one (1.3%), Cephalosporium in one (1.3%), and Asperg^iHi/s 
fumigatus in one (1.3%). In five patients (3.9%) fungi were found only microscopi- 
cally. Viruses were confirmed in the BAF in six leukemic patients (7«6%), herpes 
simplex virus in five (6.4%), and cytomegalovirus in three Pneumocystis 

carinii was found in the BAF of 14 leukemic patients (17.9%). A combination of 
microbiological findings characterized the BAF in 28 leukemic patients (35*9%) 
with fever and pulmonary infiltrates. The combinations were following: nine 
(11.5%) had bacteria plus fungi, one (1.3%) bacteria plus fungi and viruses, two 
(2.6%) bacteria plus viruses, nine (11.5%) bacteria plus P, carinii one (1.3%) fungi 
plus viruses, four (5.1%) fungi plus P. carinii and two (2.6%) viruses plus R carinii. 
Micro-organisms plus blasts cells were found in BAF of 25 leukemic patients 
(32.1%) and the presence of micro-organisms together with alveolar hemorrhage 
in the BAF of four patients (5.1%) patients (Fig. 2). 

The etiology of pulmonary infiltrates was established on the basis of BAF 
examination in 68 of 78 leukemic patients (87.2%) in whom BAL was indicated. 
Changes in the treatment of leukemic patients on the basis of BAF examination 
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Fig. la, b. Chest X-rays of a 19-old-year old woman with acute lymphoblastic leukemia, a Be- 
fore cytostatic treatment. Pneumocystic carinii was confirmed in BAF, and lymphoblasts were 
found in BAF. b The regression of pulmonary infiltrates after the treatment with trimethoprim 
and sulfamethoxazole and after cytostatic treatment 



were the following: continuation of the treatment in 9 (11.5%) and initiation or 
changing antibiotics, antimycotics, virostatics, antipneumocystis, cytostatic, 
hemostatic, or corticosteroid treatment in 55 (70.5%). The BAF examination led 
to changes in therapy that were associated with a regression of pulmonary infil- 
trates in 58 (744%) and regression of fever in 58 (74.4%). 

On the basis of our experience we recommend the performance of BAL with 
microbiological and cytological investigation of BAF in leukemic patients who 
have fever, pathological chest X-ray findings, pathological auscultation findings, 
dyspnea, cough, and chest pain. We recommend the BAL performance because in 
68 of our 78 leukemic patients (87.2%) with fever and pulmonary infiltrates the 
etiology of the infiltrates was established on the basis of BAF investigation and, 
in 58 patients (744%) the pulmonary infiltrates disappeared after a treatment 
which was modified on the basis of findings from BAF. 
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Marrow Transplantation: Current Results and Effect of 
Immunoglobulin Prophylaxis 

M. C. Walters 



Since its introduction into clinical medicine over two decades ago, bone marrow 
transplantation has achieved increasing success in the cure of otherwise lethal 
hematologic malignancies, hematologic and immunologic diseases, and certain 
inborn errors of metabolism. 

Initial studies were limited to patients with immediately life-threatening hema- 
tologic disorders such as aplastic anemia and refractory acute leukemia. Progress 
over the past decade has been remarkable. Recent reports indicate a 92% long- 
term survival for patients with aplastic anemia and an 81% 5-year survival for 
patients with newly diagnosed chronic myelogenous leukemia in chronic phase. 
Improved supportive care techniques, molecular determination of histocompat- 
ibility matching, and prevention of adverse graft-host interactions have broad- 
ened the application of this procedure to older patients and those with mis- 
matched or unrelated donors. 

Initially following cytotoxic therapy for marrow transplantation there is a 
period of neutropenia, at which time patients are at risk for bacterial infections, 
namely bacterial pneumonias, and well as certain fungal infections. With recov- 
ery of neutrophil counts, onset of graft-versus-host disease (GVHD) may pro- 
mote reactivation and infection of cytomegalovirus (CMV) and aspergillis in- 
fection. Following transplantation, generally after 3 months, chronic GVHD may 
develop, and with this clinical condition come infections with encapsulated 
organisms. 

Initial experience with immunoglobulin prophylaxis in the marrow transplant 
setting was to prevent CMV reactivation following transplantation in seroposi- 
tive patients. It was learned that those patients who received immunoglobulin 
prophylaxis also experienced a reduced incidence of GVHD and a reduced inci- 
dence of bacterial infection. 

Sullivan and colleagues at our institution conducted a randomized phase III 
trial of intravenous immunoglobulin (IVIg) prophylaxis following marrow trans- 
plant to measure its impact on infection and GVHD. Nearly 400 patients were en- 
rolled in this study; IVIg decreased the incidence of bacterial infection and GVHD. 
Patients were randomized to received IVIg or a placebo; the treatment was 500 
mg/kg weekly to day 90 posttransplant and then monthly thereafter for 4 years. 
The pretransplant characteristics in patients were equally distributed both with 
regard to HLA-identical and HLA-nonidentical donors and in diagnosis, with one 
exception. Patients in relapse were assigned in greater numbers to the IVIg treat- 
ment arm; for this reason relapse rates were higher in the IVIg arm. 
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Infection was lower in the group that received immunoglobulins within the first 
100 days following transplantation; there was a trend suggesting a decrease in the 
incidence of local infections, but more importantly there was a decrease in the 
number of episodes of sepsis and particularly in gram-negative septicemia. Thus, 
immunoglobulin prophylaxis appeared to modulate the severity of infection 
(Fig. i). Analysis of rates of infection after the first loo days also demonstrated a 
lower local infection rate in the IVIg cohort. The rate of septicemia, which was low 
in both arms, was not statistically different in the IVIg cohort. Of particular in- 
terest was the observation that after 2 years the rate of infection was actually 
higher in the group who received immunoglobulins; our current practice is thus 
to give immunoglobulins only in the first 3 months posttransplant and thereaf- 
ter only to patients with hypogammaglobulinemia (Fig. 1). 

Among patients aged under 20 years there were a reduction in the incidence of 
acute GVHD (51% in controls vs. 34% in IVIg recipients; p = 0.0051) and a decrease 
in transplant-related mortality after HLA-identical transplantation (46% vs. 30%, 
p = 0.023). 

Invasive CMV disease was decreased in the IVIg group. Those who were CMV 
seronegative prior to the transplant received CMV seronegative blood products, 
and this was effective prophylaxis for CMV disease. In the CMV-seropositive 
patients there was a significant reduction in the rate of interstitial pneumonia, 
but there was no difference in the incidence of CMV infection. One can specu- 
late that CMV-seropositive patients were not necessarily protected from CMV 
infection but were protected from the serious complications resulting from CMV 
infection. Finally, nonrelapse mortality in patients older than 20 years and who 
received host identical allografts was significantly lower in the IVIg group: 30% 




Fig.i. Post-transplant complications in patients receiving immunoglobulin prophylaxis 
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compared to 46% in the control arm. There were no statistically significant dif- 
ferences in recipients of nonidentical grafts; however, the number was small, and 
there was a trend for protection in the IVIg group (Fig. 1). 

Experience from 12 separate studies involving in nearly 1300 transplant patients 
has further defined the role of prophylactic immunoglobulin following transplan- 
tation (see Table 1 and 2). A meta-analysis has shown an early reduction in the 
rate of CMV infection and CMV pneumonia as well as a reduction in acute GVHD 
and overall mortality. However, a more recent study of the effect of IVIg on the 
incidence of late infection and chronic GVHD has shown no effect on the inci- 
dence of bacteremia, mortality of chronic GVHD, or survival. 



Table 1. Meta-analysis of IVIg bone marrow transplantations: pretransplant CMV status® 



Patient Group n Odds ratio** 

(95 % confidence interval) 



CMV seronegative 



Symptomatic CMV infection 


268 


0.55 (0.31-0.94) 


Interstital pneumonia 


163 


0.34 (0.15-0.77) 


CMV seropositive 


Symptomatic CMV infection 


76 


1.07 (0.41-2.80) 


Interstital pneumonia 


330 


0.45 (0.26-0.80) 



® 12 Controlled trials of 1282 patients through Dec. 1992. 

® Values <1.0 suggest that IVIg is effective in preventing event. 



Table 2. Meta-analysis of IVIg in bone marrow transplantation: all patients® 



Posttransplant event 


n 


Odds ratio** 

(95 % confidence interval) 


Non-CMV interstitial pneumonia 


843 


0.57 (0.35-0.95) 


Acute GVHD 


379 


0.68 (0.45-1.02) 


Overall mortality 


809 


0.74 (0.55-0.99) 



® 12 Controlled trials of 1282 patients through Dec. 1992. 

** Values < suggest that IVIg is effective in preventing event. 



In conclusion immunoglobulin prophylaxis is associated with reduced rate of 
septicemia, bacterial pneumonia, and local infection. Immunoglobulin infusions 
are well tolerated and decrease the incidence of acute GVHD without increas- 
ing relapse rate . Immunoglobulin effects are most apparent in patients who are 
CMV seropositive, older than 20 years of age, and recipients of HLA-identical 
allografts. 
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The Role of Economic Evaluation in Assessing the 
Costs of Febrile Neutropenia 

T. D. Szucs 



In the past few years the discipline of health economics has experienced an 
extraordinary boom within the health care sector. Researchers from a wide range 
of disciplines have developed new techniques to evaluate the impact of clinical 
care and medical technology. Clinicians, pharmacists, economists, epidemiolo- 
gists, and operations researchers have contributed to the new field of clinical eco- 
nomics to study how different approaches to patient care influence the resources 
consumed in clinical medicine. Given that resources are limited, and desires and 
needs are infinite, health economists try to find ways in which these resources can 
be allocated appropriately to maximize health. The common denominator is the 
search for increased efficiency and effectiveness of health care services and prod- 
ucts. Numerous researchers, especially those in the pharmaceutical industry have 
begun to study the economic impact of medicines on health care provision at 
micro- and macroeconomic levels. The new field of research pharmacoeconomics 
has grown at a tremendous rate, supplying ample evidence of the economic ben- 
efits of modern therapeutics. 

During the past decade several excellent economic evaluations have been per- 
formed in the field of febrile neutropenia, with great emphasis on antimicrobial 
therapy. These studies have provided an expanded transparency regarding the 
costs and consequences of drug interventions, and in several instances they have 
significantly affected formulary decisions. Conducting economic analyses in 
febrile neutropenia is quite easy because the benefits of therapy can usually be 
seen within a relatively short time frame. Future costs and consequences do not 
have to be discounted to their present value. 

Only few studies to date assessed the costs of febrile neutropenia. Faulds et al. 
(1992) noted that the costs of treatment varies widely among institutions. Chaplin 
(1991) summarized the financial implications of febrile neutropenia management 
and concluded that detailed studies of costs are urgently required. In a retrospec- 
tive study Leese et al. (1994) collected data over a i-year period from the medical 
records of patients admitted to a district general hospital who either had febrile 
neutropenia or developed this complication while receiving inpatient chemo- 
therapy. Costs were calculated for inpatient stay, drug treatment, and diagnostic 
tests. The median total cost for 46 episodes of febrile neutropenia was GB 
£ 2068.35, and the median total cost per day was £ 139.41. Inpatient bed-days 
accounted for 57.8% of total costs, followed by drug treatment at 25.8% and 
diagnostic tests at 16.4%. The costs of blood products were excluded since they 
are frequently administered irrespective of the neutropenia. 
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T/pical health economic questions which have been recently posed in febrile 

neutropenia are: 

- Should the presence of bacterial disease be sought in persons who do not 
present with symptoms? 

- Does the clinical presentation warrant consideration of febrile neutropenia? 

“ Is it more cost-effective to confirm the diagnosis beforehand or should treat- 
ment be given empirically? 

- What is the cost of an episode of febrile neutropenia to the patient? 

- What patients require further investigation to establish the need for additional 
therapy? 

“ What is the most cost-effective duration of treatment? 



Table 1. The four possible outcomes of an economic evaluation 



Higher costs Lower costs 



Evaluate 


Accept (dominant) 


Reject 


Evaluate 



The most common methods employed by health economists are classical research 
designs analyzing cost benefits, cost effectiveness, cost utility, cost minimization, 
and costs of illness. The four main types are the following: cost minimization, cost 
benefit, cost effectiveness, and cost utility (Table i). Cost minimization analysis 
compares the costs of various treatment modes which produce the same result. 
For example, this form of analysis could be used to compare the cost of two pro- 
grams which involve minor surgery for adults. These have the same outcome in 
terms of surgical procedure, but one program might require the patient to stay 
overnight at the hospital while the other is completed in day surgery without 
requiring hospitalization. Given these two alternatives, the search would be for 
the least costly treatment. While we might be interested in the extent to which day 
care surgery shifts costs from the institution to the patient, the main efficiency 
comparison would be on a cost per surgical procedure basis (Table 2). As far as 
pharmaceuticals are concerned, this type of study is used most frequently when 
a new drug is introduced into a therapeutic class which includes close competi- 
tors, and no measurable therapeutic effect between them has been documented. 
When the cost of two interventions is being compared, cost minimization analy- 
sis often assumes that they lead to the identical health outcome. Studies of this 
nature should report evidence to support the contention that outcome differences 
are either nonexistent or trivial in nature. In most cases, however, the issues extent 
beyond those of cost. It is rarely the case that two therapies have the same indi- 
cation and produce identical health outcomes in every respect. 

As applied to health care, cost-benefit analysis measures all costs and benefits 
of competing therapies in terms of monetary units. Generally a ratio of the dis- 
counted value of benefits to costs (the present value of both) is calculated for each 
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Table 2. Overview on tapes of pharmacoeconomic evaluations 


Ty^pe of 


Intervention Consequences 


Measurement 


Compares 


Assumes 


study 


costs 




of consequences 


alternatives 


equivalent 

effectiveness 


Cost-benefit 


Monetary 


Monetary 


Economic 


Not necessarily 


No 


analysis 


value of 


valueof 




although 






resources 


outcomes 




comparisons 






consumed 






are implicit 




Cost-utility 


Monetary 


Utility of 


Quality-adjusted 


Yes 


No 


analysis 


value of 


health effects 


life years 








resources 

consumed 


Indirect costs 


Economic 










Subsequent 
use of 


Economic 










resources 








Cost- 


Monetary 


Effects on 


Lives saved 


Yes 


No 


effectiveness 


value of 


health 








analysis 


resources 

consumed 




Years of 
life saved 










Indirect costs 


Cases treated 










Subsequent 
use of 


Economic 










resources 









competing therapy. The ratios for each of the competing therapies and for com- 
peting programs (e.g., intensive care unit versus new diagnostic equipment) can 
be readily compared. Cost-benefit analysis has the shortcoming that it assigns a 
dollar value to variables of life and health improvements including quality of life. 
This entails both benefit issues and substantial measurement problems. Cost- 
benefit analysis for these reasons, has not been widely used in recent years for 
evaluating drug therapies. 

Cost-effectiveness studies measure changes in the cost of all relevant treatment 
alternatives. Cost-effectiveness analysis can also be applied to cases where the 
outcome is in terms of quality of life. Cost-effectiveness analysis is useful in com- 
paring alternative therapies which have the same outcome units (e.g., years of life 
expectancy, or lives saved), but the treatments do not have the same effectiveness 
(i.e., one drug may lead to greater life expectancy). The measure compared is the 
cost of therapy divided by the units of effectiveness, and hence a lower number 
signifies a more cost-effective outcome. This type of study has the advantage that 
is it does not require the conversion of health outcomes to monetary units and 
thereby avoids equal benefit and other difficult issues in the evaluation of ben- 
efits. It has the disadvantage of not permitting comparison across programs which 
have different endpoints. In other words, a drug whose function is to reducing 
infant mortality rates cannot be compared with a drug designed to improve the 
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Table 3. League table for various medical interventions 


Intervention 


Cost per QALY 




(US$, 1990) 


PKU Screening 


<0 


Antepartum anti-D serum 


1 970 


Continuous antidepressive pharmacotherapy 


6 600 


Coronary bypass 


6 800 


Treatment of severe hypertension 


15 200 


Treatment of mild hypertension 


30 900 


Coronary bypass for single vessel disease in severe angina pectoris 


58 700 


Peritoneal dialysis 


76 200 


Dialysis in center 


87 400 



functional status of senior citizens. Moreover, it cannot compare outcomes meas- 
ured in clinical units with quality of life measures (Table 3). 

Cost-utility analysis compares the added cost of therapy with the number of qual- 
ity-adjusted life years (QALY) gained. The quality adjustment weight is a utility value 
which can be measured as part of clinical trials or independently. The advantage 
of cost-utility analysis is that it allows therapies which produce different or multi- 
ple results to be compared. As explained above, QALY, which has been the standard 
measure of benefit thus far, is arrived at in each case by adjusting the length of time 
affected by the health outcome by the utility value (on a scale of 0-1 ) of the result- 
ing health status. Many analysts are more comfortable with this measure of the 
consequence of medical care than with the use of money as the measure of ben- 
efits. With respect to the pharmaceutical industry, cost-utility analysis is an improve- 
ment over cost-effectiveness analysis because it can measure the effects of multi- 
ple outcomes (such as the impact of laboratory tests on both morbidity and 
mortality and the impact on both pain and physical functional status). 

Some programs may have the ability to save lives; the years of life gained across 
the entire population who could be helped is often used as a measure of success of 
the program. However, this measure has been refined to recognize that despite the 
benefits in years of life saved the physical state of the affected group may be less 
than optimum during this extended time. As noted above, weights are attached to 
the extended time, with a value of 1 given to normal function and a value less than 
1 to a state of less than normal activity or discomfort; the value o would represent 
death. (In situations in which life is said to be worse than death, a value less than o 
is the minimum). These weights are termed utilities, and they are used as the 
adjusting factor to multiply the years of life extended to obtain the QALY value. Cost 
per QALY can be computed and compared across alternative treatment scenarios. 

In addition the field of quality of life studies has been increasingly integrated 
into economic studies. Preferably these analyses require a prospective study 
design and should be incorporated into the early clinical development process. 
In cases where this is not feasible sound retrospective studies maybe performed 
employing analytical tools such as meta-analysis, modeling, and desicion analy- 
sis. The concept of costs plays an important role in the conduct of such studies 
and exerts a great impact on the corresponding results. The approach used by 
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health economists is to consider costs as opportunity costs, i.e., they define a cost 
to be the consumption of a resource that could otherwise be used for another 
purpose. Once the resource has been used, the opportunity to use it for another 
purpose is lost. The value of this resource is that of the next-best use. In pharma- 
coeconomic studies both costs and benefits are classified in three categories: 
direct, indirect, and intangible. It is important to determine all costs and conse- 
quences within the relevant time frame and not to omit costs which may not be 
readily available. Before conducting an economic analysis the perspective or point 
of view of the study must be defined. The view may be at the level of either soci- 
ety, patient, payer, or provider (Table 4). 



Table 4. Rank order of methods in terms of credibility, financial cost, and time to complete 



• Economic analysis integrated into a randomized controlled clinical trial 

• Economic analysis integrated into case control or cohort observational study 

• Model based on published randomized controlled trial 

• Model based on published observational study 

• Model based on expert opinion 

• Model with unclear or incomplete source of data 



Health economics become one of the most significant strategic success factors for 
the pharmaceutical industry in an era of cost containment. The challenge is not only 
be to meet the requirements of government agencies and payers, who are increas- 
ingly asking for economic assessments of commercial products, but also to address 
the value of medical economics to clinicians. In the future it will certainly be nec- 
essary for clinicians to apply the tools of economic analysis both in research and 
in practice. Instead of waiting for policy analysts, third-party payers, or governmen- 
tal agencies to make decisions about which services are deemed worth the cost, 
physicians could become practizing clinical economists. Another approach is to 
explore ways in which clinical decisions before influence and are influenced by the 
cost of care. Clinicians need to integrate economic thinking into their decision 
making if medical care is to be rational but not rationed. Pharmaceutical compa- 
nies can contribute significantly to this process by expanding economic research 
on their products, by providing training and know-how to medical professionals, 
and by encouraging customers to acknowledge the validity of such research. 
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Quality of Life in Patients with Febrile Neutropenia 

R. Feld 



Febrile neutropenia is a frequent complication associated with myelosuppressive 
chemotherapy. In patients undergoing remission induction for acute leukemia or 
receiving allogeneic or autologous transplants the frequency of febrile episodes 
associated with neutropenia (500 cells/pl) is exceedingly high. Standard therapy 
for solid tumors is much less frequently complicated by this problem. Most regi- 
mens result in fewer than 10% of patients developing this problem. However, very 
aggressive approaches in patients with solid tumors or lymphoma have produced 
rates of febrile neutropenia in excess of 30%. 

Although there is a very large body of published information on quality of life 
(QOL) in cancer patients, almost no information exists on formal studies deal- 
ing with QOL in patients who develop febrile neutropenia. Therefore much of this 
brief review is based on theoretical concepts, on preliminary data, and on work 
in progress. 

When patients actually develops a febrile episode, it is obvious that their overall 
QOL is impaired. Sweating, chills, potentially hypotension, and specific symptoms 
of infectious sites such as the respiratory system or the urinary tract clearly result 
in patients feeling less comfortable than they did prior to their infection. Many 
patients develop febrile neutropenia while at home (particularly those with solid 
tumors and malignant lymphomas), and at present it is recommended that they 
come to the hospital to have their infection work-up and receive antimicrobial 
therapy. The duration of hospitalization varies from a few days to weeks depend- 
ing on the duration and severity of neutropenia and the policy of the individual 
physician looking after the patient. While in hospital they require intravenous 
access for their parenteral antibiotics and also possibly the addition of antifungals 
such as amphotericin B and antivirals such as acyclovir, all of which may have their 
own potential complications, making patients feel less well even if their tempera- 
ture is down. It certainly would be simpler and appropriate if all their antimicro- 
bial therapy could be given on an outpatient basis. Preliminary data are already 
available on this approach and are reviewed here. With all the problems associ- 
ated with febrile neutropenia one needs to consider the possible ways to improve 
QOL in these patients, and some of these are discussed. 

Obviously the most effective way of dealing with this issue is to totally avoid 
neutropenia or at the very least shorten its duration. It is clear that the lower the 
neutrophil count, particularly if it is less than 100 neutrophils/ pi and the longer 
the period of neutropenia (especially greater than 14 days), the greater is the risk 
of both febrile neutropenia and mortality, even though the most appropriate treat- 
ment is given. 
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There are two major approaches to reducing or avoiding neutropenia. The use 
of less myelosuppressive treatment may also be less dose intensive. This is obvi- 
ously impossible during the treatment of acute leukemia and in patients under- 
going autologous or allogeneic transplantation. However, still the majority of 
patients with cancer have solid tumors and are treated with more conventional- 
dose chemotherapy. Dose-intensive approaches have become more popular in 
recent years and in selected settings may produce somewhat better survival out- 
comes, but this is still a very debatable issue. In small-cell lung cancer patients, 
for example, less dose-intensive regimens tend to produce equivalent survival 
results to more intensive therapy. Standard treatment consists of etoposide and 
cisplatin for four to six courses in either limited or extensive disease with possi- 
ble addition of thoracic and prophylactic cranial radiation in appropriate settings. 
In the past, and in some centers still today, a regimen consisting of cyclophospha- 
mide, doxorubicin (Adriamycin), and etoposide (AE) has been used; this unfor- 
tunately results in more than 35% of patients developing febrile neutropenia, 
compared to under 10% in virtually any etoposide-cisplatin regimen, with many 
studies reporting fewer than 5%. Therefore, using more standard doses of chemo- 
therapy when dose intensity has not been clearly established as being beneficial 
is one means of avoiding or minimizing febrile neutropenia. 

The use of colony-stimulating factors-granulocyte (G-CSF) and granulocyte- 
macrophage (GMCSF) may also avoid febrile neutropenia. Both of these agents 
are licensed for the purpose of avoiding very low neutrophil counts or reducing 
the duration of severe neutropenia. Biologically they achieve this extremely well. 
G-CSF was approved by the United States Food and Drug Administration and has 
gained widespread acceptance based on a large trial comparing CAE with or with- 
out G-CSF in patients with small-cell lung cancer. The number of febrile episodes 
was significantly reduced in patients receiving G-CSF although still high (in excess 
of 20%), and survival was not improved. The duration of neutropenia and the 
duration of hospitalization were reduced and this approach seemed to be cost 
effective primarily because of the very high frequency of febrile neutropenia in 
the control arm. In studies carried out to date, when the rate of febrile neutrope- 
nia is at a much lower level than seen with more standard regimens, CSFs do not 
appear to be cost effective, although they certainly reduce the frequency of febrile 
episodes somewhat and shorten hospitalization. 

These agents themselves produce fever potentially making it difficult to deter- 
mine whether the patient has an infection. Also, there are less specific side effects 
such as bone pain and occasionally more serious problems. Because of the high 
cost of these agents a number of guidelines have been presented suggesting how 
they should be used. It is clear this is not an ideal solution, and if one uses very 
aggressive myelosuppressive therapy, thrombocytopenia may often prove the lim- 
iting factor. In some lung cancer trials the combination of a CSF and radiation 
therapy have accentuated this problem (thrombocytopenia), making appropriate 
combined modality therapy difficult to deliver. This must also be considered be- 
fore using CSF. 

Another obvious option is to try to avoid infection by using prophylactic 
antimicrobials agents. This has long been an approach in patients undergoing 
induction therapy for acute leukemia. The antibiotics used usually consist of 
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cotrimoxazole or quinolones. The latter have become more popular in recent 
years. Unfortunately, many clinicians do not feel this is an appropriate approach, 
both because the frequency of febrile episodes is not reduced substantially, and 
because it limits the use of quinolones as possible therapeutic modalities for the 
febrile neutropenic. Its main benefit is to reduce the frequency of gram-negative 
sepsis; however, in virtually all studies gram-positive sepsis and unexplained fever 
are not reduced, leading to a similar if not identical number of febrile episodes. 
This approach may reduce mortality, but because few of the studies are remove 
large enough, this is hard to prove. Patients becoming febrile and developing 
symptoms of infection still leads to a reduction in their QOL. The addition of 
gram-positive prophylactic coverage such as rifampin or a penicillin along with 
quinolones may help to reduce the number of gram-positive infections as well, 
but this is still not accepted by all. 

The other disadvantage of prophylactic agents is the possibility of developing 
resistance. The direct toxicity of the agents, particularly cotrimoxazole which can 
induce rashes and prolong myelosuppression, also may be a problem. To my 
knowledge, no study has compared oral antibiotic prophylaxis to CSFs or used 
the two together to determine whether this can result in a major reduction in the 
number of patients developing febrile neutropenia. This may be an avenue to 
explore in the future. Antifungal and antiviral agents are also used prophylac- 
tically in patients with acute leukemia and those undergoing bone marrow trans- 
plant, but this is not discussed further. 

Another option that has been explored is to argue that if febrile episodes can- 
not be prevented then perhaps they can be shortened. This may improve the 
response rate to standard antibiotics by adding CSF when patients become febrile. 
This will also reduce cost since one treats only patients who actually become 
febrile. A number of randomized trials have considered this approach, and in gen- 
eral there is no convincing evidence that is should be pursued routinely, or that 
is has achieved its potential objective. GM-CSF or macrophage-CSF may have 
special use in the treatment of established fungal infection in patients with or 
without febrile neutropenia; therefore it may be an option to improve QOL in 
some febrile neutropenics. 

The use of a single daily dose of parenteral antibiotic combination such as 
amikacin and ceftriaxone or ceftriaxone alone is another alternative. This combi- 
nation has been shown to be equivalent to more standard combinations in febrile 
neutropenic patients by the EORTC Antimicrobial Group. Ceftriaxone alone has 
been used in small studies and almost certainly would be adequate if Pseudomonas 
spp. are not likely pathogens, at least during initial empiric therapy. The single dose 
would be advantageous both for a visiting home care team and also for patients to 
receive their treatment in the outpatient department. This approach needs further 
exploration. Another possibility is the use of new broad-spectrum quinolones, pres- 
ently experimental, which do have reasonable gram-positive coverage and are avail- 
able both parenterally and orally. These will probably be explored as possible out- 
patient treatment for selective febrile neutropenic patients. 

Another simple and frequently considered approach in the treatment of infec- 
tious disease in general is the use of “step-down antimicrobial therapy.” The con- 
cept is to treat with parenteral agents initially. Once the patient is stable, usually 
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in a few days, one can switch to an oral broad spectrum regimen such as quino- 
lones if gram-positive infection is not the likely cause of the patient's fever. In 
many cases the patient can then go home in a very short time, particularly if the 
expected duration of neutropenia is short. Although not well studied, this 
approach is used by many oncologists throughout the world and probably will not 
be tested in a scientific way because of its already widespread use. 

With the advent of health maintenance organization's in the United States and 
reduced funding of the health care system in Canada there has been a major 
interest in treating patients as outpatients. Many hospitals have closed or signifi- 
cantly reduced their number of beds. In recent years this has led to the concept 
of trying to treat febrile neutropenics as outpatients after an initial hospitaliza- 
tion with parenteral antibiotics. This concept has evolved particularly because of 
the risk group studies of Talcott at the Dana Farber Cancer Center in Boston. He 
retrospectively analyzed patients seen at his institution to determine whether a 
pattern exists in patients who were treated in the hospital. In general Talcott found 
that he could divide his patients into four risk groups. The first three had mor- 
bidity and mortality sufficiently high that he concluded that these patients should 
not be treated with outpatient antimicrobial therapy. The fourth group had o% 
mortality and relatively low morbidity. This group were outpatients whose can- 
cer was controlled and had no serious comorbid disease. He then validated these 
data using a further data set from his and a nearby hospital. This approach seemed 
to work quite well and predicted which patients could be treated as outpatients. 
He subsequently conducted a pilot study suggesting it is feasible to treat patients 
with parenteral antibiotics at home in the low risk population. He also carried out 
some pilot studies with QOL measures at that time. 

Talcott is presently involved in a large-scale randomized trial in which patients 
with febrile neutropenia initially come to the hospital, are stabilized, and are then 
discharged or not based on a randomization to one or other approach. The antibi- 
otic regimens used are standard but not uniform throughout. More than 600 
patients are required in this study to confirm that it is not detrimental to be treated 
as an outpatient. In addition to standard endpoints for febrile neutropenia studies, 
this CALGB study uses a number of QOL instruments both at the beginning of the 
febrile episode and at the end to try to determine the effect on this endpoint. Other 
data are also being collected to evaluate potential financial benefits to outpatient 
therapy. We anxiously await the results of this very important trial. 

Investigators at the M.D. Anderson Hospital in Houston, Texas, have carried out 
at least two studies looking at parenteral vs. oral antimicrobials out of hospital 
in relatively low-risk patients. They used a similar population base to Talcott but 
did not feel that control of the underlying disease (cancer) was essential, and they 
also included patients with bacteremias. Their first study showed that the paren- 
teral regimen is superior while the second showed their oral regimen is at least 
equivalent. Their most recent oral regimen consisted of a quinolone (cipro- 
floxacin) and amoxycillin-clavulanic acid. There were no infectious fatalities in 
their study which included patients with confirmed gram-negative bacteremia. 
They were very careful to keep patients in the outpatient department for a number 
of hours for observation and to follow them up within 1-2 days to ensure they were 
still stable, and patients had to live fairly close to the cancer center. 
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The most important issue is to better define low-risk patients to try to expand 
the numbers of such patients that can be treated out of the hospital. The Multi- 
national Association for Supportive Care in Cancer has an ongoing prospective 
clinical trial to gather a large amount of data on all hospitalized febrile neutro- 
penic patients in a large number of centers worldwide. All the data collected by 
Talcott is included along with some additional information including some base- 
line QOL information. Data on more than a looo febrile episodes will be avail- 
able in the next months. It is hoped that a more generalizable approach to identi- 
fying patients at low risk will result. Hopefully this will also lead to an expansion 
of the patient population that can be treated as outpatients. 

Indirect evidence that more seriously ill patients can be treated comes from 
the work of researchers at Duke University in Durham, North Carolina. They car- 
ried out autologous transplants for breast cancer almost entirely as an outpatient 
procedure and treated many of the febrile episodes very briefly in the emergency 
department and then sent the patients to a nearby hotel. This kind of informa- 
tion suggests that more seriously ill patients with higher risk can also be consid- 
ered for such approaches, but only specific trials addressing this issue will give 
confidence to investigators regarding this approach. 

One of the ethical issues involved is the clear assurance to patients that they 
will do as well in the community setting as in the hospital. The M.D. Anderson 
studies are quite small, and they could miss the possiblity of more complications 
in patients treated at home than those treated in hospital. Therefore results from 
larger studies such as Talcott 's are anxiously awaited. Some patients maybe very 
upset while at home where they feel less secure while others may prefer to be at 
home but would feel more comfortable being in hospital during the acute stage 
of their infection. Therefore individual QOL may be altered by personal views. It 
may also hamper studies comparing in- and outpatient treatment since many 
patients may be unwilling to take the potential risk of being treated at home. These 
issues must be addressed. 

A large number of approaches that can be used to reduce the frequency of 
infectious complications and potentially improve the QOL of patients who do 
require therapy for this complication have been reviewed. This leaves one major 
issue to address, that of QOL measurement in this group of patients. As mentioned 
above, few data have been published in this setting, but there is a significant 
amount of published data in other areas of oncology. There are a great variety of 
definitions of QOL, but one must choose a working definition. Certainly it is true 
that “it means so many different things to so many different people” as suggested 
by Celia and Tulsky in a paper published in 1990. There is a consensus that QOL 
is a multidimensional construct including at a minimum, physical, social, and 
psychological domains as well as disease- and treatment-related symptoms. It 
certainly includes satisfaction with levels of funtioning and the control of disease 
and treatment-related symptoms. A large number of acceptable instruments are 
available, many of which have a core set of questions with specific additional sub- 
sets of questions for specific cancer types. To my knowledge this has not been 
formally adapted to the subset of patients with febrile neutropenia, although 
Talcott and his colleagues are examining this in a randomized trial. The M.D. 
Anderson group have also carried out exploratory studies with their own instru- 
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ment. Their questions include one for each of six domains, (physical well being, 
independence, ability to work, anxiety, peace of mind, and social activities). 
Interestingly, an abstract that describes results in 37 febrile patients includes data 
from a QOL questionnaire administered on days 1 and 3 of antibiotic therapy. 
Anxiety and social activities were judged to be less important, suggesting that 
such weighting can be independent of the influence of acute medical conditions. 
In contrast data, scores for the six questions changed significantly from day 1 to 
day 3 and were highly correlated with an increase or decrease in body tempera- 
ture. The largest differences occurred in physical well being, ability to work and 
peace of mind. The authors obviously concluded that their instrument was 
sensitive to changes in QOL in cancer patients undergoing supportive care for the 
treatment of febrile complications. They also stated that they were attempting to 
validate this questionnaire. 

The key issue is whether this information will be helpful in studies or in the 
standard care of patients with febrile neutropenia. Standard endpoints in such 
studies include response rate, fever duration, and the need for modification dur- 
ing a comparison of the two different antibiotic regimens. The relative toxicities 
of the two treatments are also usually compared. 

I believe the presently available data suggest the QOL of patients will likely 
improve during antimicrobial therapy especially, if it is not overly toxic. It is also 
likely that outpatient treatment with oral antimicrobials, as compared to inpatient 
therapy, will improve the QOL from the patient's point of view. Therefore I feel 
that, although there may be some temporary interest in measuring this param- 
eter in this group of patients, most of the findings will almost certainly indicate 
that which one would expect. The exception maybe a decrease in QOL in patients 
at home who either do badly or are very fearful of being away from hospital and 
are enrolled in studies comparing inpatient vs. outpatient treatment. This result 
is intuitive and may not be observed in studies in which selection criteria exclude 
patients who are fearful of being at home. Therefore, although preliminary infor- 
mation in this area may be of interest, I do not think that it will significantly add 
to the knowledge in this field. 
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- suspectibility of streptococci 57 
success rates 75 

sulfamides / trimethoprim 59 
superinfection (see also infection) 86 

- definition 86 
surveillance 56 

- therapeutic approach in the ambulatory 
setting 29 ff. 

synergistic antibiotic combinations 47 
T 

tazobactom 85 ff. 
teicoplanin 48, 85 
tetracycline 62 

IGF (transforming growth factor) 

- TGF-p 7 
therapy 56 

- therapeutic approach in the ambulatory 
setting, feasability and surveillance 29 ff. 

thrombocytes 37 
thrombocytopathy 37 
thrombocytopenia 37 
thrombopoeitin 11 
thrush 94 
time tradeoff 17 
time-model, quality-adjusted 17 
tobramycin 43 
tolerance 54 

torulopsis (Candida glabrata) 95, 100 
toxoplasma gondii 38 
tranquillizers 37 
transplantation, post-transplant 
complications in patients 109 
trichosporon 42 

- t. beigelii 91 

trimethoprim / sulfamethoxazole 55 
U 

uncontrolled cancer 26 
V 

vancomycin 42, 48, 54 
varicella 42 
virostatics 105 

W 

white blood cell transfusions 96 
willingness-to-pay 17 




